Synthesis and Analytical Applications of Some Ion Exchange Materials by Khan, Ashfao Rabbani
S Y N T H E S I S AND A N A L Y T I C A L A P P L I C A T I O N S OF SOME I O N E X C H « MATERIALS 
T H E S I S S U B M I T T E D I N F U L F I L M E N T O F T H E R E Q U I R E M E F J T S F O R T « E D E G R E E O F 
DOCTOR OF P H I L O S O P H Y 
IM 
C H E M I S T R Y 
B Y 
ASHFAO R A B B A N I KHAN 
D E P A R T M E N T O F C H E M I S T R Y 
A L I G A R H M U S L I M U N I V E R S I T Y 
A L I G A R H ( I N D I A ) 
1989 
T3782 

flM wl l t t^A auH MMilytiwal •f»tt««» 
ilMMi #f aiMNi i t » i i l i w i i i avifvtt is* #f ftmr vlMiyt^rt^ 
f t r i t i t n u i i i i M t i m i * vfcM m n m m t • t 
Urn hifi*mwum% t M I M t « t lM»Ugr • » « 
l i t M M i l A <iPl«i«at r«ft«w «li« dwAItt 
I!3R»llHiti« iMflvwil* imm •«*lMHit«r» Imi» a I m I m b g i i f m m 
t h 9 l l t m t t t r * tiirasr, «lii«li m t thm w m t 
t iers fli«M 
OlMrt«r*II tm m • A m t i m m r i r ) •r»*ie|*e«f*«t# «• • 
t1i«fMlly »t«1il« mmhrnkgrntt 8«t««ilv« a^Mrfltoa • f 
AtinUR* Mrtlia M trsatit iMi mwfl t»ii« •« Atii ••taws** I t 
m m m H M w tli« 0]nitb«tl« mmA •vHtnai* % « i i « v l # i t r • t & » t t m m f i f ) 
«rMMfli»i»liitt« M 9 U w Iqr miiAmn 0.09N Mtntioas • f 
•tttimar pMit« •lil»r&4l« iUWt^)^ AttMlim l^vvgwHiniwMkt* aad 
trlMHiiMi vrtlitfiM^piMit* tli» mlwm ffwti* ( t i l t i ) M 
tk« |« • f tli« muf^ hmt ttm^w at # t« t «r f^ mrng 
•—••ta iritli • • • • I M I ttifvAaf* flia g«l tfeiis •lil*itt«« 
«• • iNVt inr i% I M P * at vtwi taBfava^Mw e i tltt«r«A 
i r t M t i M * fflMi M a M M t i mm fwrraS i r vitii 
AaalMiatlMA naiar ( M ) tlM Mta t la l «it«A la aa aftr 
avaa at t t aaa 9km a t a t M lata aaati vnaatlaa lur pattlag 
I t la wm^ aai ^ giaaal— aa «iM»l«ai v w t at MM aaltara alaa 
•alta%la i i r aalaaa apavitlaa* f lM lavl l t laa at aali^ni 
alaa vtva a^talaai I r i*liftag aai vara aaava«%a« lata tka n* fam 
i f traatlat «ltl i m M ^ ftNP St iaam vltH attaalaaal aliakiat» 
( u ) 
nr4eir«itt«iitly rcptttoiim tli* 0iip«miii«t llqiilA vttn tr«g|i MIA , 
Wm i » t » r&« t tmit vr^i^vA f i iui l l r ifa«lK«d rmmm tli* 
« 4 
nnd tlien f lnnl ly <irl«d s i Hi 
ea^aoitr of this mt^rl'^t ^ m ^ %9 hm w m n / g f t m ^ I t tHk&mm 
fs ftlgf«€^ Ion exoliAtigd oai^miity aiut M t « r ottttlfKi thMi 
otijtr wtitr lalu o f t U i m elasg. I t a im i ^ a and 
qtoloni tx^tnAlit^ (Tablo® £ aM T^H&m iiistrwit«it«tt atudiett 
srifth us j n - t t t m l i m , iufri^'rea tliimitgiravieicrtflo 
emls'sls cad i^mf ^ f f r R c t l ^ tiaire olfo eairrltd nut to 
t M mteTi@%m liost tmportaiit atpeoi o f an ioa* 
63«{hat3g« fBftterlal tbe otizas? it@ a m l f t t m l apj^eationo* 
Aattv^m-i^ iV) arc.fsoplies.lr-.ta prer^r®^ tu ifees® ittiOies sliowo « 
hifihm far @ nma^ar o f taoiui tons 8a( l l> , 
a a ( n ) » Cii(ff.), StiClX) «te* (fcimo Sasfia im thoso o^oorvfttiont 
a miiiber of ooiwriitioit* o f t^ooo S O I A I tout ftoit oiber noiato 
i m v tkoen oaeh as Hi<Zl)« ' l%(U}» !lg(IXMaC£X)« 
roCxii)-iife(zx)» roOizKiMidDt ro(izt)«<sa(ti)9 F O ( Z Z S M I I ( Z Z ) , 
Fo(tXZ) « »a ( I l ) a«d ra(ZZI^-Ca(Ii ) , W U k m m r i t o a tuo 
Ml l in t foatmroa of tlioao aa^ratloaa* 
Oiafrtor^III Aoala witli tho tHamodjfttaMloa of tfta oaataagoa 
of alkali aoA alkalioo oartli wotat iooa oa atttl«oa3p(ir) araano* 
Iplieapliato* I t auwaarlMa tiio raanlta of aoofe a otn^ ubieh ii«« 
IMM fiorforaoA at )0 ami fH e. Tafiona tliaraodgroaiao yatawoftra 
hBw h9m ttvatata4 aa fiiraa to Talilao 5 to 7« flia aotliritr 
ooafflolaota liava alao oatoolata« idiiali gtvaa tho oaaaaa 
( U i ) 
f r « « ( AoJ ) , •ntlialpies t ^ l l j ) B«d tatropi** ( A « J ) 
of Hixing, O B t l i« TESL* of t l i « « « r « t i i l i « • • FTTTANPT I M S 
nad* to eorrolato tlio ion oji^luiiigo f^onoffionoii vitl i ilio voriovt 
l;hoirmo(lsmii<xie data. Fortber, a r e r m r » 9 •q«ilif>rt«iM rnmhrnm^* 
tl i« mentioned «eta i ioiiK lt«v« otno liooii eo»oiAor«4 
for the i>»rt«o»« of oomparlni; tltd rosolta witb ttooso of forward 
PIWOSS0S octinrrtnK gn tfsij i o « oxahaiig«r wirfnoot, 
flio tciaetios play a v i t a l rolo in nadorstaodiiig tlio 
ffioohaois^ of tho ion oartiliaitgo proooaaoa takiag plaoo oa oa 
ioii«oaieli8iigor« Olia|)tor^XV daats witH ttiia aspoet, Tlia forward 
oad rovorse ion oieBliaaii^ o kiaetiea of allmli netai^iiCz) «ad 
ttliealiao eartli*R<X) oxeltangos on antimonyCir) arsanophosphate and 
transition !»otal»ll(Z} oxslitttga on titaaitim(xv) araonosilioato haTO 
%oen otndiod nnder tho oondition* favouring a partiolo diffaaion 
plidiiomanon« Oa tho tsasio of thoao otodiea various kiattio 
paroaotors saoh as salf diffusion oosff ioioat oaorgy of 
aotivatioa and oatropy of aotivatioas ( A s * ) havo iMaa 
oaloaUtod oa tho liasis of lloraot<-Ploaok oqaatioas as agatast 
thm old oritsrioa* Tbo valaos ara givoa ia faHlos 8 to 10 
vhieh aro asoful for prodiotiag tha ioa osBliaago plMnoaoaea 
takiag plaoo ia tlio aatorialo* 
i u ) 
m m c t Of m A t t m m t m ion B i m m & W A o m . m a c m AMB 
OF AitgiwafY^v) AaagMOPiaisyiiigi 
Btfttillg 
ti»M|»«mtai« 
< 0 ) 
f 
Appturttiied 
--T'" " - • f 
in 
Ftffom^ 
Vlltt« too 0.0 
Whitt m 9 * 9 
200 fdifdM* fevvms too t9«9 
400 LlglH %rmm 60 t i . o 
<00 ts.s t9.0 
000 f t l m i 0,0 
( ir ) 
W S & J L 
gttigeAL wAMUCfY w AiirnwY(v) Mmmwms^mmatB 
» vAiainig 
9 9 l r m % AnftHtti l« ng 
(25 wl ) ^ 1 
Atttinoay (sit) ArsMiU (An) Fliftt^vtMt (p) 
m m o j 0.9ft O.Tf 0.<9 
0.85 1.70 0.09 
4ff m o j 1.20 1.70 0.08 
i it i ist 1.60 0.09 
m 801 t.OO i.ao 0.01 
%» BOI e.30 o«os 
IM U $ 3 0.09 
1.30 1.70 0.01 
IN maio^ 0*98 1.90 0.08 
IN llaie^ 0.00 0.00 
m l l a M I ^ 0«i% 0.80 
0.09 llaM 0.89 0.01 
O.lfl M R i . t e t.TO 0.0% 
o.iN n^oR U k O 1.90 0.88 
9.8 0.09 
IN m ^ m K 1.90 t.95 0.08 
O.IN M 1««Q 0.90 0.9f 
I 
9 
8 
I 
8 
I 
J ? 
i 
d 
m 
i 
i 
e' 
« 
i 
s <s 
<s 
I 
I 
i 
s i 
( ) 
« « S i I 2 8 S 5 i 
s s 5 S ^ i I « I I i g ^ S 
» » I I I 1 I 8 I I 
! e { { I I i ( i i - i - i H 
t S g g M M S g S S i J I M S 
( H i ) 
8 
at 
I 
S 
3 
» 
h i 
1 
8 
m M 
m 
E M 
m 
I 
S 
1 
k ' 
• • 8 1 
8 ft 
•PI 
B 
I s 
o- S 
7 i 
e 
f 
M 
a 
f 
8 S 8 8 8 8 
S 8 , 
i ^ 
§ s 
t t • * 
€<l 
I 
O* a 
«>4 
t 
c 
1 
1*1 
M 
I 
£ 
f vs 
S { 
o* s 
I Si • • 
t 1? 
m Nt 
9 
m 
n 
S 
m 
& 
m 
E 
£ 
01%. 
m 
a 
S 
m ^ 
B & 
i i 
1 1 § 8 I 1 1 
M 
i m i>i« M M a a M H ti M M 
g f a i £ < 2 
1 ^ ! S 1 S 
e 
a 
A 
s 
x f 
• s -
1 
S h 9i 
1 
i 
1 
J 
3 
2 
J 
• • 8 1 
s * 
D* • 
C l i i i } 
s s 
f t 
91 S © « 
0* s 
• • 
g s 
5 i o " 
o' 5 
a » 
8 A . 
g r 
o S 
f I « « s 
« e' • » 
u ? 
0-k 
m 
3 s s a 
» c s 
£ i £ Jf 2 s £ 
I S 
«« R s 1 1 m 
1 i M e 
M 
3 g e © S 
s i £ t £ £ ff 
S 1 5 
ri 
4* R S 
M 
e s M M 
i f ! 1 » B 8 I H 
2 £ £ £ 
• * • • 
a 
1 
I 1 
i 
n a 
19 
4 
f 
i 
1 
a 
I 
! 
M 
I 
I 
I 
« 
f l i 
i S t * 
at i 
fl 
I f If 8 
si MM ^ 
i l 
( ta ) 
9 S 
S 
9 . 
* 
R 
•m 
«4 
t S 1 
9 P 
s 
i 
i t 
•N 
R a 
s r . 
- i 
* 
* fH 
i 
i 
T 8 R 
a s 
* m 
4*>«k Si <P< 
i I I 
I d s 
• • 
<} <] 
Cs ) 
» 
i ® 1 
s d 
s o . R 
u t 
I 
i ! 
r 
t S 
S S i R 
i S t 
IS 
f t t 
s 
» 
m 
* t* 
t 
A 
R 
• I 
? 
M 
I 
c ; K 
»t t 
ft 
I 
til 
I 
f 
in 
B « 
• • 
- !f 
» 8 
e' 
» o 
A 
« 
t f 
V i 
I m 
« I 
I 3 
I 
3 
c < ] <1 
U 
m 
I 
I « 
S 
»4 JMI 
IS li 
a i 
l i 
8 
s I 
s 
a I -
H 
• i 
8A • 
n t 
a 
i f 
I ? 
n t 
9, 
i 
C lA ) 
R t r 
t • S 
ft 9 
m 
ft 
ft 
A 
* m 
I 
«« 
01 t 
M 
t 
jf 
I 
I 
9 
m 
I 
« 
I 
« 4 
8 $ 
9 R <
I I \ 
£ & 3 
* • > <3 <1 O 
i 
N 
I 
I 
I 
s 
E 
M a Ml 
i 
e 
I 
3 
0) 
A M 
a 
I 
I 
II 
I 
i 
f 
i" t 
a 
m 
£ 
I -
OQ 
IS M 
1 -
( aU ) 
a 8 
? i 
e 
3' 
« O 
I 
1 
ii 
f 
E n 
S 
« » R 
J 
» 
% % <9* 
M m m M 
s 
A 
5 M R A w W If^  # Ci <v 
m 
• • 
• M 
f s 
s 
3 
s 
fl» 
9 
S 
8 
I 
I 
t 
<1 
I 
m 
i 
3 
I 
t 
a 
a> 
S " 
S " 
<i4 
'm I 
l i t 
I 0 
i i 
( a t U ) 
» « f! R 
a 1 
• 
i t 
• 
t 7 
^ K 8 ' S S » ^ ^ 
t t . s "v. 
f» •a 
** 
" I M m M II n 
& t i t! li • •t 
M 
m o • * IN * 
m 
a - a -M s S S 
f H 4 m i S 1 
3 w 
( l i Y ) 
I 
i 
e 
u 
I 
n 
m 
! 
•h e 
•I 
I 
i 
I 
•N 
« C 
ft * Ik A s; s s 
i i t: 1 
# 
f 
# ! w 0 • 4 1 
# 
s f 
• et t 
8 « s i « A « ^ % p w «9 8 ^ 
% \4 
Ik 
V» If* 
FKK 
% 
•M M •c. X 
n 91 m M m M n ti ti 
* m • IRT 
8 • 
I N 
«« p 
* 
CM 
O » 
<N 
R • » E m 
A 
% vt 
m ^ 
mi «« '8 V* »o •H 
M N It K H n II 1 
s nt f A 3 A 
* * 
<5 
# e O O <s O* 
ft C 1 R C S 
E ' 
• e • m 0 E # • •N • 
W ^ W «««>' «IM» 
i B t t W t t S a B I R P t e K 
<|Mlk 
m a 
M M g 94 
f £ s 
3 
e 
K. GOPAL VARSHNEY 
M Sc. Ph. D. 
READER 
DEPARTMENT OF APPLIED C H E M I S T R Y 
P h o n e : ( O f f . ) o n 7 i - f i 0 4 2 
FACULTY OF ENGG. & TECHNOLOGY 
ALIGARH M U S L I M UNIVERSITY 
ALIGARH-202 002 ( INDIA) 
CERTIFICATE 
I c.<Lh.ti(iLj that t!i& locfik in tlUi th^6i6 ha6 been cafiii^d 
oat by MA,. A6li^aq Rcibbanl Khan undzK mij 6ap^n.vuion. It -L6 an original 
aont^ibut-con o^ thz cand<.datz and hai not bz&n iubmitt&d ^on. any oth2.n. 
y' 
Dat^d: 10.6.19S9 
On. K.C. Uamhmy 
iSupenuiioi] 
TO MY P A R E N T S 
WITH LOVE 
ACKNOOJLEVGEMEMTS 
I u}i6k to &XPK&66 my pfio^oand gratitude, to Vfi.K.G.Vafi6hnzy {^on. kl6 
zxczttznt guidancz, constant iuppoKt and tKa6t tkfioughoat thz coul6z 
tkl6 6tudy. Bat ^ oK hii kzzn lntzn.z6t and zncouKagzmznt, thz 
pfLZ6Znt dli^ZKtation woaZd not kavz 6zzn thz light o^ thz day. 
I am highly thankful to P^o^. K. T. NaAijm (Chairman} and 
Pioi. AM. Malik, dzpantrnznt o^ Applizd Chzmi6tn.y, I. H. Collzgz o^ 
Enginzzn.ing and Tzchnology ^o^l thzi\ pzn.ii6tznt intz^z6t and gznz'ioui 
availability o^ KZ6zaKch ^acilitiz6. 
I zx.pfizi6 my dz'^.p appfLZciation to Vt. A.A. Khan and Vi. mi66] 
Imfiana Sla6zzm thzil valuablz 6uggz6tion6 and zncoaiagzmznt at all 
Izvzli. Thanki aiz al6o duz to all my lab collzaguzi ion. thzii 
intziziting di6cu66ion6, iciznti^ic and othzn.wi6z. 
I havz no wondi to ZKplZii my in^initz gnatitudz to my paiznt^ ^ot 
thzin. bznzdictioni and constant iuppoKt dating my 6tudiz&. I al6o 
wamly acknowlzdgz thz a^zction and moial 6appott o^ my b^othzn.6 
VfL. Shaia^at Rabbani Khan and Mk. l^htiaqaz Rabbani Khan dating thii 
pziiod 0^ my 6tady. 
Finally, J giatz^ally acknowlzdgz thz financial a66i6tancz by thz 
Coanc.il oi Sciznti^ic and Indadttial Rzizatch, Nzw Vzlhi (India). 
ASHFAQ RABBAN: KHAM 
ooinriirri 
PAQ8 
a at or rmiGAf ioss ( t ) 
LXtr OF fABLKS ( i l l ) 
u s r OP FiG^ma { gg) 
CBifiioniovios) i 
HSFBBSHC^ S 28 
(AllTIMDSy<V) ABSSNOmSPa&TE AS A fBBBHAU^ IT SfABUS 
OATXON SXOBAllSSEt mtMmim ADSDBFfXOH OF AI£AI«S!i£ 
KAHTH AND TBANSXTIOI} mTMh XOSS OH XfS OOUJHH) 43 
BIPfiRXmNTAt* 45 
DXSGOSSXOlf 68 
ISfUSSMCBS 78 
(MMOTHANXCS o r THK FOSWABD AHO EXCHAMQKS 
OF ALIAU AND ALKAUNii UABXB HBfAIt XOHS VXTH H(X> ON 
Axmmux(v) AasgNOFHOSl BATiS CATXON 8X0IIAM6ER} 74 
BXPSRIMENTAt 75 
OXSCUSSXOH 78 
BBFBilSlfCBB IS5 
PAfiS 
mmMi 
{wmwsiCB or mm mtAh IOHS on s^mimwiit) 
Asssmvmmmm mo TXf^suM(xT) AEsgMosxumg 
CASIXON BICmHGfiRS) ^gg 
SSSTEiaifiSHfAi. 
DXSOUSSXON 
MFEMNCSS 
him or fTOUCATIOKS 
Mtmatsyify ArftdttefilHi0p!iftt« « s a fb«v»iil.lsr Stabl« Cati«tt 
S«iliaag«ri AAMrptlttn o f Alkaline Barth and 
TransUlon Wm%ml lona on i t o OO IQIBB . 
BoU.Oliflai.Soo.Japan, 6t| 5695 (i988). 
8* Synthetio^ Slaaiio and Analytiool Stoaiaa on tttmiim{tt) 
Arsottoattloate Ion BxDhangart Separation of Lead from i t e 
Ssmtbotio Alloys* 
Colloids and ^r facest 17^ (i9S8). 
5* fberaodamanios of the Forward and Beverse Bsieliangea of 
Alkaline Sartb Ifetal lone vitli B(Z) on AntioonyCv) 
Araenopiioapiiate. 
Froo.Xnd*Hat.Sei*Aoad. (t989) (In Press). 
BYalnation of tbe Energy and Sntropy of Aotivation for the 
Forward and Reverse KsMhanges of Alkaline eartb Metal a on 
AntiBwnyCv) Arsenopltospliate Cation Bsehangeri A Kinetio 
Approaefe. 
Beaotion Kinetios and Catalysis let ters , (1989) (In Press). 
( t ) 
Kinttia and Vb^rnoajniiiBiio of ronrard and S m r M Ka(X)*R(X) 
•ad K (XM(X ) Esoliaiigas on Antln^nrCV) 
B)iU*C!li«a*aoo«<tiMpaii ( 1^9 ) (Oimnl i l « t*d in 8«vlse4 WntwmU 
i i t ) 
vABue iNcsctiFnmi PAQB 
wll^ asu. 
t.2 s Msr OF mm^mm 
m FAR Aim TB)£Ifi SAUfoNT HUtffRi^S 
2.1 snnmsis or t a r i o c s s a m t I i S s o f a n ^ s h o h i t C v ) 
AEBEHOI^ IIOSimtE AS AS IQU ByBSmm^ mtKMAh 
s,2 zoH BmiAsm CAFACiTt O F /mimnt(v) Au&som 
F m S P r n V B F o a V A R X O U B N i ^ A t S O L C f l O K S 5 5 
8 * 5 ( ^ H X O A t S F A B I U f f O F i m w m t i V ) A B S I ^ l ^ i ^ S O S i m T E 
IN VASIO0S SOtiVBNTS 55 
B F f S C f OF aSATXMO ON t m XOH EXCBAN6E OAFACITf^ 
^IGB? ANO A$»PBARA2ICS OF AOTlfSOirr(V) AUS®©--
r B o s i m T s 5 7 
VAurKs OF SOME HETAi. IONS ON Amimmtv} 
A!t^ItOI>IK»^HATE 18 OMV, BOIO^ AKO WfO^ SimmS 
2«6 SOME BXIIAST miAaAtHmn OF Ml£fAI« I<BS ACBIEVttD 
<m Aifnt«»nr(v) AnsmFBosraATs mmms ^ 
3*1 TAUJBS OF i m nmtAlMSn nmxc FRACTIQiiS, 
»IPAaATlOll FACTORS ANO miSfftintt OOgFfiaiSMfS 
AT 90* Aim 50*C FOfI TW lla(X).B(X) SXBHAlfGS ON 
ANTXMONT(?) AESttNOFifOSFflATt CATION KXORAl^E 8$ 
3.8 VAUmS OF TR8 SWIVALENT IONIC FRACTIONS, 
9BFARATI0N FACTORS AND MUlCTinTT OOimCIgNTS 
AT 30* ANO FOR TiK S< l ) - f l ( l ) BXCRANOfi ON 
ANTIMCarf ( ? ) ABSSNOrHOSTBATS CATION RXCHANGSR gg 
( U i ) 
TABUI MiClXPfXOM fAOi 
BjU 
vAums OF TB& gqnivAi^ m' xoxxo morxoNs^ 
WASAflOM rAOfOES AND mmCfUmt QQUVVlCt^mH 
AT 50* XHU 50*0 ft>R TMi B(X}-Ma(X} SXCHAMOK ON 
AHTXMONT(V) ARSSH0Pli08PHAT£ CATXOM HKBASQtiR 8? 
VAUrSS OF f m EQUXVAI^ NT XOHXQ FMACTXONS^  
SgPABATXOH FACfOBS AHO miul^TIVXTir COISFFICI^ NTS 
Af 30* AND 50*C FOn TBg B(X).K(X> EXOBANOli OH 
meitmYlv) ABssHOPHospBAfg OATXOH uxsmmm bs 
3.5 VASmS OF flM imVAiiSHf XOMXO FBA€TXOIiS, 
S^ PASATXON FACfORS Am mtSCTlVlTY COEFFXCXi^ HfS 
Af 90* AMD 50*0 V^ B TQS tfg(XX).R(X) 8X0HANGE OH 
ANTXHOmrCV) ARS^ OPHOSPEATE CAfXON BXOniSIGSB 89 
5.6 VAWBS OF TUl BQUXVALldflT lOMXC FltAOTXOKS, 
SSfARATXON FACTORS AHO SEtiBOTXVXTf OOliFFXCXl^S 
AT 30* Am 30*C FOB TBS Ca(Xt) »n( i ) EICBAHGg ON 
ilNTZIfONT(V) AB^i»Or'IIOiiimf£ CATXOH IXCBAMGi^ fi 90 
3*7 rAWMs OF f m SQaxTAi^ NT i m i o FRACTXONS, 
SBPA8ATX0N FACTORS AND Sgi«gCTXVITY OOi^ FFXCX^ MTS 
Aff 30* AND 50*0 FOR THE 8r(XX)-R(X) SXOB^GK ON 
ANTINONYCY) ARWNOFBOSMIATB OATXOK SXCHANGttR 9! 
3«8 fA&QIS OF THS iQUXVALSNT XONXO FBACTX0H8, 
BgFARATXON FACTCOIS AND SSLKCTXVZTY OOUFFXCXiiaiTS 
At 30' ANO 50*C FOR THtt » « ( X X M ( X ) SXCBANCS ON 
ANTXIiONT(Y) AR^ SNOPHOSFRATS GATXON SXCBANGSR 91 
( ir ) 
TABUS DKSCRIPTIOK PACK 
mx^ M A -
3.9 TAUmS or THS SQOXVAtiSMT lOHXO FBACfXONS, 
WAHAflOM EACTORS ASI» S i^MCfintY OOSmCUmS 
AT 50* AH]> 50*C FOR m B(X)-Mg(ZX) iftXCHAHOJi ON 
AlfTXM08ir(T) ABSSHOPBOSPBAtK QATXOH SXCBAHGgE 95 
3.10 TAUIBS OF fB£ gQOlVALaiVIl XOMXO FgJUTrXONS, 
SfiPASATXON FAOFOBS Am B&Ui&SlVl'St COEmChms 
AT 30* AH0 50*C VOB TBS H(X).0«(XX> EXOBANGB OH 
A1lfX!i01IY<T) AB^ OFHOS^ BATB OAtXON SXOB^&E 9% 
3«tl VAUJSS Of TRS SQOXVALUKf XONXC FEJACTXONS, 
SgPABATXON FACTOBS Afl0 Sgl^ OTXViTT COiii'f ICI^TS 
AT 30* AHO 50*C FOn TIS 0(X)»Sr(XX) EJECHASGS OS 
AUTXMDHTCV) AE^ iOPBOSPHATB CATXOH fiXCUAHOSB 95 
3.12 rAHmS OF TOE QQOXVALEHT XOMXC FRACTXONS, 
aSPARATXOK FACTOBS AND l^iBOTXVITT COBFFICX ^ ISTS 
AT 30* AUD 30*C FOB THK Il(Z).B«(XX) BIOHANOS ON 
AMTiMoBYCy) AnsgBOPQOSFBATB CATioK i&wsmmm 96 
3.13 TBKIOiOOtlAMlO YAUSUa OF TBiS Ha (X ).{! (l } ANO 
X(I).B(X) BXCBAHGBS AT 30* ABO 30*C ON A]iTXI^ My(V) 
ARaSBOPBOSl'fiATHi CATXON BXGBAliGliE 
3.U TBBRNO&mMXO VALtliilS OF TBS BC£).N«(X) AND 
B(X)-K(X} KXCBAHGKS AT 30* AND 50*0 ON ANTIHOinr(V) 
ARSBIOPBOSPBATB OATIOM gXOBABGEE 10? 
3.15 TBBHMODWAMXC ¥AUJKS or TB«l >ig(XX).B<X), C«(XX)-
H(I), Sr(XXM(l) ABD BadD-BCX) SlOBABGgS AT 
30* f0*0 OB ANTXM»NT(V> Afij^ momii^ BATli CATIOB 
SXCOLttfMUl lot 
( • ) 
TAIK aS«0BXFfIOII PAftK 
Sf lU- BLi . 
16 mwrnumAMQ VALOKS OF vm u it ).MC in)« 
H C S K S T C Z X ) ANO B(l)«Ba(XX) SJGOmNOSS 
AT 50* AND 50*a OH AllTm]nr(?) ABSiCMOFilOSFBAfB 
CATION SXORAIKMB 
5,1? fAUIES Of vm AOrmTY OOIKIFXCX^ SITB Af 50* AHO 
50*0 fOE fHM l f a ( x ) ^ ( z ) AHO SXCHaiOliS 
OX ANfXIIOinrCf) A&SSNOFHOSPBAfS 0A7X0K ifiXOHAllG&E l U 
3. ie TAUDES OF THS ACTXnTY amFFXOXEirrS AT 50* AHO 
50*0 fOB TKK B(X)»Ha(X) Aid HCX)«K(X) SlCBi^CES 
OH AHfX!OHY(V) AR^OFHOSFHATE CAtXOH gX0B!i80&B tt2 
5.19 W S m OF m AOTXVXTT COEFFXCXiiHfS AT AHO 
50*0 FOB Tm MK(XXMix) AHO 0«(XX)-H<X) KXCmHOBS 
OH AHTXMOHTCV) AfiSlSHOm>SPBATg CATXOH SXCRiSIGUE i t j 
5*20 TAUimS OF TBS ACTIVITY OOiSFFXCX JIT 8 AT 50* AHO 
50*0 F O E r m ar(xx)«B(x) a h d Ba(zx>»!iCx) i^mimQm 
OH AHTIMOHTCT) AE^OPBOSTHATE OATXOH gXCBANGKB 11% 
5.21 TAIJIKS O F T B S AOTIVXTf C O S F F X O X i ^ S A T 50* AHO 
50*0 FOE TBI B(X).9^{SX} AHO B(X)«.Oa(XX) SXOBAHOK8 
ON AHTXMffiMyCv) AESSHOPBOSIBATS GATXOH BX0BAH6SE I I5 
5* 21 VAItfBS OF t m ACTIVXTy OOfiFFXOXiiaiTS AT 50* AHD 
50*0 FOB TBS B(X)»Sr(XX) AHO B ( X ) ^ « < U ) BXOBAHGSS 
OH AHTXNQIITlV) AfiSmPBOSmATB CATXQIi BXCBMIGKE i i ^ 
5,25 TAWS OF THK EXCSSS FEfiB gHBB&XKS, BNTBALFXBS AHD 
BHTBOrXBS OF MXXIHO FOE TBB ||® ( I )«H(X ) AHO 
mi l ) BXmiUfOBS Af 50* AHD 50*0 OH AHTXffOHT(T) 
AESBHOriiOSraATB GATXOH BICHAHOBE H f 
( n } 
ffAlUi MSOBXFTXOli M S 
SJU. 
9«ff% Tiuurss OF TRS BXCSSS VMU SirrHAmBS 
i m mmmtm mxam FO& TA^ 8(|}-]I«(x) AND 
n i l h ^ d ) S Z C B ^ & B AT 90* AHD 90*C OH Allf2H0inr(T) 
AS^OiOPfiOiFHAfS CATXOM fiaKSBAMOBft 120 
5.29 TAIUSS OP m E m S S FBBE liKBBCXSS, EHfBAIJ^XBS 
AND m m n ^ a OF MEJOHG AW 50* AMD 90*0 m THB 
i%(n>*s(x) A!8D c»CixM(x) BvmmmB m 
ASfinOHlftV) ABSSNOFHOSVBAfisi miON SXBimiQEB tgi 
9«26 VAIUmS THE SXQESS FBgS SS^ QGX^ S, BKfHAlil^ ZSS 
AHD SHTBOS^ XeS OF ISIXSKi AT 90* A!iP 50*0 fOR 
fHS ^ ( Z X H K X ) as^ S« (ZX}*B (X } BSKSIANOSS OS 
AUTXHOMTC?) AltasmPHOSFUAfB OATXOII SXCEiHOBR 18B 
3*87 TAums or fBB uimas CHBi ^ iooms^ gHfBAUPiss 
AND £!iflK>l»XB8 W WLXXSiQ AT 50* A3ID 90*0 fOE TUB 
H<x)«>ik(xz) Aim s ( I )«oa (N ) BXC^GBS ON 
Alift!iOHT(V) AnSBI«}m>SPMfl£ QATXOH %mimm% 189 
80 TAUIBS OF THB SX8BSS FBBS BNMBOXiSS^  glifHAI.l'XES 
AHO BNTBOFXBS OF MXXXMO AT 90* A!iD 90*0 FOR V m 
H d M r C l X ) im B ( Z ) - l a ( X X ) BXGBANOSS OH 
AIITXWHYCv) ABSBHOFHO^BATB CATXOH IXCBAMIiBE 18% 
k A T WJtfSS lOS l f t t ( X ) ^ ( Z ) AMD K ( X M l ( X ) BXCSBANOBS 
OH AlfrXJI»inr<T) ARSEMOFHOSPBAfB OATXOB BlCH/UiOSR 
AT OXPFSRBHT TBMTSBATIIBBS AVTSB TABXOOS TXHB 
niTBRTALB I55 
( T i l ) 
TAILK nesetmioii PAHS 
Mm^ Mt^ 
T WJB&B FOB fi(2>^a(i) jmo uHh-Kii) Bmum&M 
m AHfSHomriv) Aassmwmm?mt& waxxm KJDB»A86S& 
M OlFfSBliliT fKlB^SfiATtlBSS AMPMR VABXOUS TIMS 
tmnmASM 15% 
T XMJam fOB Kg (U ) -B ( I ) A£I]> e«<I lKH(X) BIOHANGSS 
AT TB^ IPikSATOBiSS A ^ m VAQlOUS flMU 
tmnnyAhs tj$ 
t TAixTEs FOB sr (XX )-R(x) AHO 8a (XX >«s(x} ummmm 
on AB^OPBOS^I^g OATXaK EXQBAKOSE 
AT uiWEmm mmEmmms AFTSB VABIOCS t i m 
XHTSBMS 
9 T fAUIBS FOB B (X (XX ) ASB B (X (XX ) ^WmMQUa 
on /mimmir) Aummmom^mTB CAn<m gxmam&a 
AT DXPFSBEUT TEtSPiiRATUBSS ATTSB VABXOOS TXKB 
XliTBIITAI«3 157 
T TAlfiBS ft)lt H(X>*8r(lX} AKO B(X).B«(XX) EXCBAIKiSS 
OK ANTiiioinrdr} Aussmwmspmtg OAfXOK E»mAi»ssii 
AF DXFFKIYINT TSM^FIBATIRMIS AFTBR TABXCMS TXL^ 
XMVBSTAUI 159 
T TAWES POB Nii(XX)-«[(X) AND r«(XXX)*H(X) SIDBAliGES 
01c TXTANXUII(XV) ABiSSMOSXliXCATB GATXOH SXQBAlfQBB 
AT HXFFEKSNT Tiilii'i^ BATflBBB AFfttB VABXOUS TXMIi 
XKTBBVAI^  159 
( nu > 
TABLS BBSORXFTIOII i^ AW 
l# f 
k.B 1 TAiiSBs FOR c o ( x i H i ( i ) m ] l i (XXHl(Z) 
tlfiBAlieSS Olt A&SmsXUeAfl QAfZ<m 
SlCBAliaSR Jtf Dimnsifr fSMrEBAftmSS AlfKIl 
TABXCWS fXMS XHfESfAUl i%0 
4.9 T TAtlISS 101 Ca(XX)«H(t> SB(XZM(X) 
gij^ BJusais 0M fXfAiixiiif(sv) Asmmstumm imim 
SjR i^Uic&R MS mwrnwrn timMUAwms 
VAMorn nm tmswtMM M 
4.10 T VAtiffSS lOR Cd(XX)<-B(X) A3a> Bg(XX)*a<X) 
EXOBAHGSS ON HVSMimiW ABSgNOSXUmi^ C f^ XOH 
SJB%A!i6Be AT mrmmm Amn 
VABXOtIS TXMg MM&mAtS 
T ISMJDSS iOB ^ ( X X ) ^ ( X ) iXGiaiKI^S 029 TXTAIiX0K(XV) 
ARSisiioiaiiXCAfB wxoM &mmmm AT oiwmmm 
rsMrKSATuiss ASfm VAiixous n m memxAm t ^ 
4,12 flboras (8) OF fHs VABXOVS T wEsus Ttm wtma sat 
n m m m TiMrssATOt&s mu FOUTASS Am BSVSBSB 
SSWANWIS OP AUKAU HWrAIi8^(X) 08 A»TXIOMY(V) 
AsamopaoaraATK OAtxoii SICHAM^M 153 
4U5 ILOF8S (») OF VABXOOS T WRiiCS FUlfS AT 
JiXFFSnttlT Tll»i£BATUSiS FOR FORVABD A»U RBWRSS 
KXCHAMUtS OF ALKAUMK i£A8THS.H(X) OH AST1M0HT(V) 
ARSSNOPBOSFHAfii CATXOR SXCHJHOiiai i$% 
( ) 
TAXUt mSGnVTUM rAGS 
awna (s) OF THB VARIOUS T VSFTIWS TXMU VLOTS 
AX DX»*f1SRfiHT TMMPIiSATaai&S fY>B TBAKSXtXOII NKTAIiS-
H ( I ) A m u m m QU TXfA!IIim(Xf) AliiUKOSXUGATg 
CAfXim mmjmm 195 
viums OF m i^iiP i>xfiiisxoii cosFriox^s, 
E M M T OF AOTSVAFXON^ABI A^EO! Y A^IVATXOHS 
FOE FosvA^ mi mrmm ujsmmm or AI»kalx 
£iSTAiM(x) OH Ami imY i v } Ammowmmimi^ 
GAtmn 
16 YAUHES OF m DZn'USXON GOBmOWS 
EEtmiair OF AmmTio^s ma OHTEOFY OF Ai^iVAniam 
Fou mmAm Am mm^m ^mmM^s OF AMAum 
on m t i m m i v ) AB^mvmm'im& 
CA7XUN BXCBAMGSR 1$0 
%,i7 YAUJgS OF ¥Bli S&W UXFFDSIOH CO^WlGUmB^ 
nmmr OF AcrxvATifms Am KNTBOFY OF ACTITATIOSS 
FOR fBAMszrxoH msAhs^n(x} Ammmus ON mANXUMdy) 
ARMMOSXUOATlt OAtXOH ftmumfSA I g l 
» ) 
LIST OF VimmtB 
rX6l»1li OBSOBXPTtOll PA6S 
IP* wo* 
1.1 m STRUCTUBS OF mSimfSlG ACIO FOLYMSRS 26 
2.1 A TYFXCAL XOH SliOBAiniS OOUTMK %9 
8.2 OOHC&NTBAflOH CURYS FOB AMfZIOinrCV) ARSSSO. 
FBOSFfiAT& 90 
2.5 BSar063AH8 SBOVISi^  m iiiUJfXOH BiBAVXO0R OP 
AHTXI«BiT(V) ABS&ISOmSPHAm 51 
FERC^ KT W3XGB9* LOSS OF THE AlfFIMONY(V) 
ARSKHOFBOSPBATS OH HSATIMG fO VARIOUS fSMFgRATUBSS 5a 
2*3 fH TXTBATXOH CUBWS FOR Amimm{V ) AR&^O. 
FBOSPBATB 60 
2.6 XHFBABSO SFEOTRA OF ARSENOFOOSPHATB 6i 
2.7 SBFABATXONS OF F«(XXX )*Ba(XX ) , F^CXXI )-0«CXX ), 
F«(XIX ) ^ ( X X ) AHO F«{XXX h m i t t ) OH AllTXIOinr(V) 
ARSBMOFIIO^BATB OOI1UMB8 66 
2.8 fiFABATXONS OF F«(XXX ).»fii(XX F«(XIX >*2ll<XX), 
Bf(IX)-Nk(XX) AHO Bg(XX Ma(XX) OH ANTX!l>HT<ir) 
ARSBNOFBOSFBAfB OOUfMIS 67 
2.9 FBBCBBT RBTBBnOH XH t m XON BXCBAMGtt 0AFA6XTY 
OF AHTXl«Miy(V) ARSBMOFHOSFBATB AND SOMii OfHBR 
XOM SXCHANCSRS ON BEATING 69 
3.1 FUTS OF TBB AMOUHT BXQHAIIGBD OF M«(X) AHD K(X) 
VXTB iCX) fBRSDS TXMIS ON AtnXMOHT(?) ARSfilH).. 
F»SFBATM 79 
( Si ) 
nwmt Msciamoii PAGB 
Wb.— ^ H a -
PLOTS OF TM AMDOMT KXOHMICSS OF 8 (1 ) VlfH 
|ftt<X) AHD X<X) !»11S0S f l M W AliTXMOinr(T) 
AftSgMOmsmTB SO 
5«5 rLOfS OF fHS AIKHTHT BXCEAmSD OF f%(XZ 0«(X1)» 
Sr<XX} f m n a i l l ) ¥XTH B(X) VEESUS fXMB OK 
AIITXM01iy(V) ABSBSOFaOSI'EATg SI 
Fuyrs OF THE AMOUHT SOOmmmD OF B(X ) VXfR 
m ( t th ^ ( n K 8r(xx) Am Ba(xx) wsuafxm 
ON AIITXMQilfT(V) ABSBlTOFBO&PBAfB 92 
5.5 BXCHAHOB XSOTHBBfIS OF f M ^ ( X ) AND Ki% >-0(1) 
BIOBAIKISS ON ANfXmNf (V) AfiSSNOFBOi^ BAfB AT 
50* AND 50*C 97 
5.6 BXiqBAiK^ XSOTBBEHS OF fHE H(X>.8a(X) ANO 
R(X ) - l ( I ) 8XCBANQS3 ON A!irX}fONT<V) AaSBNOFQOS. 
PHATB AT 50* A3© 50*C 9t 
5.? B«JaA!«8 XS0THBBM8 OF TBB B%{XX)«H(X), Ca(Xl ) -B( I ) . 
Sr(XX)-R(l) AND Ba (XXM( I ) BXOHAI^ aBS ON AHrXHONT(T) 
AltSBlKKran^HATB AT 50* AMD 50*0 99 
5.8 EWBMWB xaoTHBBiis OF fM a(x).i%(xx), H<xhom{n 
R(X)»Br(XX) AMD •<l)^BA(XX) BlQHMOBfi ON ANTXIONT(T) 
ABSmOFBOSmTS AT AND $0*0 100 
5.9 F U I T S OF l0g M^ m s u f FOB lta(X)*B<X) AND 
K(I }-H(X ) BXCBANGSS ON ANTXHONYCV) ABSBBOFBOIFBATB 
AT 50* AND 90*C iOi 
( « i t ) 
flQCOB OBSCEimOll V M 
SLu— ffi^ 
5.10 rWTS OF log V8ES08 \ 101 H(1 )-Wa(l ) AHD 
B ( i ) * t ( x ) BicKAMOfis OH i m i m m i v ) AMmm» 
TRNMRNM AT 50* AHD 90*0 loa 
5.11 vtms or log VERSOS \ FOR wg(« >.H(I ), 
ea<XX)«H(X)» Sr(lX}-B(X) AMD B8<XX>«*a(X) 
BXOBAIUSS OM AHflMD]lir(V) ABSSSOFHOAPIIAFS Af 
>0*A!® 50*6 IQJ 
% t t FWTS OF log nnSSB ^ FDB B(X)«i%(XX)» 
B(thG»(U}, B (XMr (XX) AMD B(X).Ba<XX) 
sxoBumss on ASfimmiv) AESOIOFIOSPBATB 
AT 30* AND 50*0 10% 
4.1 FLOTS OF T VERSUS TXKB FOB Ma(X>*S(X)» 
IC(X)-H(X), B(X)*ir«(X) AMD B(X).K(X) BXOBAMGFIS 
OH AlfTXMOMT(V) ABSBBOPBOSmTB AT fOIIR 
OXFIBR^ MT TBNPSBATIIRSS i%7 
4.8 FWTS OF T HBSOS TXKB FOB f^ (XXM(X ) » 
0«(XX)-B(X), 8r<XX)-B(X) AMD B«(XX)»H(X) 
KZCBMfOKS ON AIITIMONY(V) ABSSMOPUOSPHATB 
AT FOtri DXmiBMT TKMPSBATimSS i%8 
4*5 OF T msos Tim FOB B(X}.f(g(XX), 
B (X )^ « (XX) , B C x M r a X ) AMD B(X).Ba(XX) 
BXOHAMOBS ON AMTXmNT(T) ABStSNOFBOSfBATB 
AT FOOB DIFfBimT T8MFBEATURBS I49 
( SlU ) 
f x o m BBSCltZPTXOll VMSm 
I P - » , „ „ 
fima or T FGITARS YZI«S FOB mmsmon mfgAm^ 
m{%y mrnm^H on fiiAK£i}ii(i?) ABsmsiae^i^ 
AT mm mmmm 150 
f tms or .log tsasua « t m Ausm. msAS^  
B<2) A3XD Uil)^tM^U HSTAt OS 
Amimntit) mmfowmswrnm 15$ 
P l o t s o r ^ u g S^ FSBSUS ^ M AUEAUKE CASTB. 
ON Amwmt i r^ ABsmi»msBWism 
4«7 r^ UQf3 or .tog ^ WBtma | ior fBANsxTXo^ msAU. 
SXSBAi^S OH fIti^XI»l(ZV) 198 
< Mir ) 
O H A P T S R ^ I 
Higa»«rCTioisi 
Aaatytio.'^ l CliiHriMtry di»al« wtth tli^ analysis of 
sitl48tRnof»9 hy vay of nf^fmmtioii and dfftf^r^ination of ifi#lr 
eoAstitu^ntii. Th^ scop«* of Aaalytlctil Oiiisif^try lin« %!ia«»«i»ft 
atrfwtly of tb^ f « « t l y growluj? ch<»mie?a 
ti»cfmfilo|fy, % ohiwlc.il finalysls nay h*> f»ltli<»r ciaalltntiv^ or 
mimititAtivo, Qualttstlw oiwlysts apals «it!i finMn^ wf?at 
QonBtitnpnt or eo!38tlt««»ot!? nrf* 1« RQ fitmlytle: ! ^MIP 
thfo fjnafitltativi* ftQRlysie trttfi afltfrmlaatioii of fimc 
Eiiioli of tlif* ftvpQ ©oljstnno© &s iis the TOo iraportoiioi* 
of n ©limical asaalysl© l ies in tli^ fact titat preaeoo© 
of ooy iiBparlty to o sist^ staoc© ploys o vital s^le in 
08 08 phyeiool pm^^rtim of tfio nict^riols, 
tjo very ptir^ niiC tho GutjEtnocPS t?ttfc 
lenurity Qtmn nr^ of sipaifloosio©, flits© iis to 
liavc* t% ttjorowt'fi fm(t mennitf) of n EFBtp>rlal Itfs 
csfiwtlorsl j^ nsslyBtH 4« «»8S<»ntial, 
Th#» i«#»thO't1» R«B#»rnlly in ohmlenl aaalysif^ Rtay 
otf»M«ic-»i such RravlmMry or wltt«wi<»try or riOilf^ m mtsjis as 
otiromatoprnphy, i*l«Btmpbori»9lB» «fjpctro|»liotomf»try Pto. Tlipy 
cofi fiirt*»i*r h^ c l a i i « » i f i im "Instnir^i^otaf "Hoa-lsifttrawpiital"*, 
Von-iostru»i*tttHl methods of analysis orn of printer lmportano» 
for tli<* i1«*v«»loiii*i|!t cotttttrip* lilt© ours as thi»y am quitP 
innxp^nitivp an co»pari»d to th# instruw^ntnl npthods which 
ntqiiirp tiii^tity so phi stiestwd instrawpnts, 8O«9i»ti0#s lipy^n^ the 
financi-tl enpnoity of th'* institutpii undffrtffkinir th? r«»8<*aref$ 
profraampii. 
Ohir9writ.0!rr«it>^ y i s « mn& oa# of thi* noKt 
v<»rfifitil«» .^nnlytlcnl tf^HnltjuM. I t cnn tip a lec'thoit 
0f fiefkaration of eompon^ts In n snmiilQ* hy tlieir dlKtrifnition 
two • st^tiannry atuS IBOMII*, I t WWR f i rs t 
rii|H>rt»»t! tn 1906 hy n Basialan Botanist Miclm^l Tmptt (*)# vtio 
(Sf>fiarat#»di thi* tliffermit eoloar eimstitttrmts of leaf on ealnmnf? 
of Camy «li!«lfia ma mems®, fhfi tefartanoe of tfsie tc^lwlfiaa 
i s f r j ^ tho fnot ttsnt proT^nblj? ao teetmicifm 
mr^ valuaM^ la tto© sefmratioa an^ l naalyiis yf 
PRistiir«»f?. fl3ip» typos of o!^ rotKato?,rGphy inelatlp sis*?* 
i»KOlnsioa elir0S?»t0tS»r0pliy, toa ©»}l)a!ig© olirosjstof.rflptiy efi«3 go® 
c?iroo«i!to,i?rapl:y, porfi>r303ioc» SirjaiO clsro?'?:atOf,r^ *pt^ y i s Q 
moi^^vn tjoefNQ on tfea atmv^ ^sit oelnf, 
rt0p3r?f»tf»r GizpQ p?5rtiol©s for tbo etotionnry ptiasp* bo 
#'qfi&li!»ritti3 ts m'i>4dly oej^  ^jaicti sfiioriitton ocoisr??. 
tyii«»» t??F» ©bro^ntogrnpfiy arrt G 1 so fccotco stioli 
pa|i#T elirdw t^top.niTsfiy, tliin l®y©r 0ljr0'«Rt0f,rapf^y 
phoriftiA in whlob t!if» stntianury pliae© i s to tfif; fa>rm of »liff»t 
or oth#»r pliin^ aiirf»e»». In «»l«»fttroplior(P8i8 an elpotrlcal 
fr!»rtii»nt i s applied aorosM th^ »lif»«t t « cmiaf* i«lsnitioii of 
iiiolffoti1«*« aoeordinff to thm si^n ansi! irrHfi^itiiip of ohartrt*. 
In ion e«ehj«ii« ehro««tofrfipliy an ioti i» usfod 
nn a atntlonnry phasic. Vhila maat ath#r typas of 0hr0WBt0(i?r»phy 
ara onadi prineifMitly for tha sapnration of oosaplaK orf^nie 
autistnneas, ion avohanga ohronatogrnphy ia partittutnrly vail 
anitad for tha aaparation of inorfanio i^na, liotis ontiona and 
•ttimis Ii«ean8» ttia nvpiiratioti in bnsed on the of ions 
in stutioiiaiy phiiae. 
loo •xofitiiiff« t^Mioffisiioii i s not of a raesnt orii^in, Tti« 
« « r l i e » t of ttio wore foutt^ in Roly flitita ^ i e l i 
ostaMitihes prioritiT oneoooAea in proparinp; Urinkiaje 
vat or from %raolci8h watar by cm isio oaoti^ aiit® methoi^  
Later on, ikrintotl^ ^ ate^ tlmt s^mcater toses p&rt of i t s natt 
content i^ lien peroolattid tbrott|rt]s oertifia sandit CS)* so irat i f io 
stadiy of tliese prooas®®® was, bow©v®p, ©ado only in the mltlMa 
of til® oiQ0t©0ntli oeotaiy %'t!en ^»iffercat 8S«Rpl«m w@r© 
iovestiirat©^ tis© iou osohnag© properties of sscolitos 
woro explored Haras Qa<3 !la?iplGr syottaosiso^ tb© f i r s t 
@lui!ino8ilicrtt6 tiasdd ion oxotiangers i » ^liilo Poltio aa^ 
fiffll f i r s t nrpliefl « ssnotJJetio ^.eolito for tt@ ool.lcotio» 
anft sofjarfition of »wfi5onia from ariufi* fha iai'astrlol pro^itotion 
teofinio tt apptieatioof) of ion eiechaai^rs woro ntmUed tiy 
a»n« % tiior» siirttifionnt dlfivalopstent took plttce ia if)35 
vfiea nnd Holmtts ( i o ) diMoir«r«<3 thnt sowd tiyat!i&ti0 fii0i 
»oleculnr vetght orgcnnio polymers oontniniojr. n It^ rpti* nawTjor ©f 
ionic functional uroopa, 110 an int«ftral }»irt, coal^ lie employs^ 
AS ion •iiohiini[«rii. Such synttietio products mey sliov cntion or 
anion smhfinKs propsrties an*! hoace ir«r Irnown "ctstion oxoSjmniic 
rtsins" or "anion aMhanftc r«sins«, Ttioy consist of matri?e «!iieh 
OHrriss either a positive or a noiKNtive ohnrf^ e (f ixeA ions) t^n^  
of counter ions which compensate this cfiarKC. Tlie SMtrix i s a 
hiihly polyaerised crosslinkea hyarocnt^on containinK ionirahle 
iroups. 
4 
Xf NN Ion #iiehsiipri»r eotitalniiig FTXEHANFFI»NBT« A IOHB IS 
l>rouplit Into ooiitact n sDlatioa O0i>t«ti»i»fr n tons thi>n thi» 
s^retiiiiif#» proopsn amy b#» rf»iir*»««it#d mb l>4»lowt 
4 • ?} jWiiwiiiirfA n • 4 
tfhf^ pp- ttip* syiuliolB th^ ioa t^mlmmfiT ptiase, S I r c p 
i t is © rfvp'rslM^* psrooo'ssp oo «t|allt!»rittK lit eventually s«t np 
iii wfiloh of th« Ions liaitially pr«*»f»iit its tlie estfjIiaoRf^ r 
phase liave lieeii hy B Ions tmm %lm im>Iist4oa« 
etoMlity eii^ l ore at&lise^ iss ©©<1&ool esufl Moolicisiiojil 
ffi-rlflo sfsporatloo of m i m cole®, fiss^ or© ( t l ) oi^ aptionl 
tsowre ess). However, tb^lr util&ty i e oot f,oo(l ot ©l€»vatPKI 
tf»wpf»retttre9 fioQ ia pr«si»iio<* of strong rsdietioo© as thoy nr© 
not «t{«tilf! titia«r Knot) eon<!itioiis. St i s for this reason ttiat 
tli# int<^rf»st r©v4v<Ni tn thi» synthesis m^ ioa egoljang« 
l»rop«»rti#fi of ittorg^nio « a t » r l a l « , 
4 larpsi* nii»l)«r of 8yiit^ii»tio inoriaiilo ion 
hmr» lii»wa prepared and stutfi^a during thf lB«t thirty ymr» (J3), 
s#T»rat of tltfw #trttibit ehemienl « tal i i l i ty and (ioiR«tim#s 
tft«y prov» to ti<» hipthly a#l«Qtiv» for o»rtain ionii« 
AooordinR^ to th»ir ehcwicHt nature and atraetttre 
ft3mth«tie inoriHnio #»xfiHattii»r «ay !if» olaoaififfA itainl^ into tl»« 
followittir six sroupfit 
(1) InsotaMf^ fieirt fiHlts at p^lyv^ilinit m t^nlt-,* 
(2) TTyrtrf»aii of pot3rral«»at 
(35 Salt® of lii»tf»wifKil3raetf1», 
C%) Inm>tttbl<» fwrroeirnniOe .^ 
(6) 4^soi1.latt«»oas fWiltjaigerKf mf^ te^ thM® 
ami |30t«iiiilas 
Mtfioiirb mttt^risil® of al l tf!«» oat€^ori<»s 
f lsj l i»tKJrt?mt applleatioas ( I f t - l? ) raiijnslR t^ill Vif> 
OQ iniwjItiMf* &.etil of '^I'^ml^^t ass^ tnls ss tf3«»»y 
n^eh 8at4®ffiotory prop^^rties, Tlip^ y ore 
©owtiiairtg asiilf's ^rooijs tttp tV^ V gu6 VI of 
thf^ pertofiio taMe. A Inrfp co?Rftifiatio»8 of moli sateriol© 
hfjvf* hf>m hy pfetjsijliorio, asjljrb^io, 
anttwnlo, vanaiUo Bcltis vith titi$iiitie!» sift'eoniiie, t in, tlioriwc?, 
o«»rtttm, troo, not4a©tiy, ©hiwitiiB, tiioliitifi, taotalor, 
iiicic*>1, «iol>«lt «»te. 
Thfr insoluUta aelrt luilts of i^lyvnlriit metals 
in i t ia l ly o1itniii«»d hr frills ^ittt no definite eotMiKisiticin nts^  not 
•i»ry 8t«lil# towards Tiydrolyais of th«»ir neld fronpii, Sow# of 
thra partleolarly tb# aaorphous stireoitium ptiosp!}ati» f's^lTiitf^d 
a high »i»li»otiirity for mmp imfjortnnt ont i « « » sttcli a« Ca(l5 on^ 
00^(11). Aaiphl»tt (18) r»vi#w#d th»» ion i»3Wihnii^ e profirrti^s of 
awoiThous inorgHiiie «sehafif»rB in 1964 v!if»fi thc» f lMd vits in 
ittfant ftag** 1l«it r«Mavoliet in tb i » n«l4l now led 
t9 th9 •jmtluisis e f •ffveral Mtuii ig«r« having « f l x «d 
«iiMpesitioii and %f«l.l dofinad oryatttllitio airttetora (19**St). 
Apart tli0 sta^ on fita 8tiigl« aiiHa 
aa ion asBlmiifera, ddnMa aalta have atao raQaivad attaation 
daa to their ei^ xt) proffiiaing ion^aiahange iNthaviour* Slrooniiim 
I^8phoail.ieate i s probably the firgt to i tin at rate thair 
important opplieations enoh aa iaotation of pliotoiiiww {22)* 
Titanififn phosphoaiiioato has heeii oaed (2?) for the aaparatton 
of radioimolidea* Simitarln titaiii<i^(IV> anti^oitate <2%}» 
tin{lV) arsesophoaphate {23) and potytimgatoantisioiiate (26) 
have ao^ e Iraportast oolomn separations* ao^narieea 
the varioas inorganio ion eaohangor® ^ioh boon studied 
80 far 
Onoe an ioit*«xehenga iBate;ridl i^ith protsiai^g ion e^aiohaage 
propertiea and analytioal applioationa haa heeii ^omthaaiised, the 
aaxt step i s to oBdaratasd the nachaniisc of the ioxHesohaage 
proeeas oocvirrlag en ita imrfaee. Baehod and tlood (180) have 
made the f irat aeriona and detailed attantpt on the kisetio 
atndiea of ion enohange. Vhay have atadied the reaotion rate 
with which iona firon aelntiona are removed hy the solid ion 
ea»hangera or oonveraelsr the rate with which the oitthangeahle 
iona are relaaaed froM the enshanger. Bojrd et a l . (181) have 
atttdied later on the kinetic a of metal iona upon the resin heads 
and have given a olear nnderatanding ahont the partiole and f i l n 
• ft o e fr u ai 
t « 
t 14 
I 
t eft 
r-04 
& 
ti 
^ > M M 
fc, < 
01 •v m •t lA m 
« 
M w 
SZ 
• 1 
M M 
• 
• 
m 'Jrf es m-IP < 
a 
0 t 01 
m 
Maf o 
««-' s 
@ 
Q 'C3 
§ 
«4 K 
tS 
® I 
ft ^ 
f- ft 
CC •04 
6 
I 
o 
Jk 
t 
ft 
I 
I 
•a ft K S ^ 
8 
k 
I 
t 
i 
B e I 
I < 
ft 
« 6 
C es 
ft 
^ C 
s 
E | i 
< p. 
tB 
S 
! 
1 
< 
ft 
ie 
•55 <6 e 
I 
s 
•o ft m « 
P 
g 
•«« 
5 
ft 
m 
t o 
•B 
o m 
e o s 
n c 
t» 
e 
e « 
I « V 
Si «. « 
o JR & 
>> 
6 
I . *» ft 
« JS 
§ M 
I c 
05 m C-CD rv • t • SfN-w O •!<« t I I 
'V.C CR Jm. • 9 • 55 ^ 
s 
M & 
s 
i 
«e 
c o o 
(A 
• • 
«« at O) lf> yo 
¥ •>4 
£ 
FAT t, tti 
a 
r; 
t 
f » 
« t* 
E K 
a 
h 
V tt. 0 | « 
KS 
• • 
^ 2 
W W w a 
X 
M M M 
•iS .a * • 
tM ••H Mi J-4 M Ml 
P 
9 
^ i 
c. i 
* 
9 0 
1 u 
t ft M e 
JS % 
ft 
c 
S 
JB 
I 
1 
i 
ft 
e 9 
I 
9 
ft 
£ 4i 
« 
£ 
"O 
I 
t ft-o 
t p • e ^ j ^ f> «« M I «« I* |B* M • 
w IC 
«C e 
• • 
c •• 
dp 1 VO « w 
•> M 
* M M p* 
* Iw W 31 • • M M M 
c: e! ar • 
• • • M M M M <*< M M W « K « P es «t 
'3 
CI5 
c 
r a 
» 
Sm 
m a 
I 
i 
ft 
I 
i 
1 
« 
O 
g 
ft ej 
p 
9C 
P 
o a CJ 
6 |i C ft 
cjei 
|H*> 
ft ftl m C fS wi P" «—t t tc 
«« 6! « e h <«4 h ti* 9 e u 
o 
O 
r-
V o 
o c.,: /J 
tl 
C t? 
c 
£ 
ft. c 
I K 
ES 
ft 
CS 
e « 
u 
« 
t 
ft' o 
v4 
I! 
in 
«:• cr C in a IT 
I ?-« I 
rN ir* u\ tfl in ir. If* ir\ 
Iff 
ir^ 
M M •Timi* m 
» 
H 
* <w4 u m 
• M) m tm m «> W w k C <H w ^ U 
•> ST at * 
• f-H ««l Ii4 M M M M OaeatW a » ej u 
f3 
C5 
I ft) 
fc 
f 
I 
» 
E « 
a 
t: fci 
f l 
i-t 
i: 
c 
« 9 
I 
ei 
m 
ss 
9 
! 
c 
a 
* * ft 
(S C c •c 
1 
§ 
mt U C 
V 
m 
t tef 18 
8 
e 
9 
t ft U 
a i 
(Ji * 
OJ<-» 
9 
c 
» ft C^  t: 
m » 
0 « 
& 
I i 1 I 
«« < 
t 
I « 
I . 
P « 8 O 
t s 
ft-
M 
ft' 
3 
I 
f 
ft V »4 
I 
ft 
ft 
e « 
I ft <0 
ft «ft e .e 
e 
a 
g 
CJ 
ft o 
> 
03 i 
rk o » TO C3 
• 
o 
© o 
i" h * * .Cs 
to U 
o ts c? 
© « 
m 
• « o 
9 
ei 
N £ 
a X. 
m 
o 
ML & IS f5 i 
W 
« t « 
8 - t 
a 
t 
« 
r; 
ej r: •KiC r: 
n Ik m fa o fe^ C) © C5 
03 
S CT-« 
I 
« 
ss 
0 
& 
1 
ft 
» t! 
S fi* 
It 
? m « 
m s 
s 
c 
ft 
IE •C 
i 
» 
a 
t 
s c o 
I 
JD 
le s-
im 
B 
ft 
G 
Kl 
s 
9 M* 
a s 
3 
• • • • iTk vo r^  <e «M et 01 ©4 t 
n « 
o g 
u « 
» 
as 
r-* es m 
0 o 
la 
I o o 
o 
61! o e n « J3 
i 
o o 
s 
t* 
lA lf\ CN m o ^ \0 VO <M O so vo 
1 •> X -J 
m vo vo vo 
•e 
M 
W 
•a 
60 < 
a o 
tH 
9 W 
M M M M • M > O M M M 
8A 
P CO 
cT'^ 
U CM 
»f\ 
CM 
• 
• rk B 
rfP jUk 
Ja s u 
fi> ftt- {2 
>1 e^  o 
>4 "wS o a to ^ C- 3 
ja a 0. m 
i 
CI 
0 
1 I 
"S? « O a u 
CO s 0 
1 
I 
« 
n e 
a 
•g 
s fii o 
€4 
\o tr\ CM VO tf\ 
• • o • * o C 
I 
o a « * • • • 
1 1 • CM 6 
r<4 
I 
C] 
s 
• 
II <'H •• •• « o 
« CM <1 CO p O o < w 
1 O s « 
tB « ® 
2 
9 « •H A c % 
Sm O J3 Xi U p. 
« 
«) 
M 
0 
» 
•d c « 
m 
P o o 
(D 
0 
I § 
< 
tt 4» « 
0 
i •H 
0 «9 
fi) C 
CQ 
in 
& 
O 
•I 
0 C iB 
5 « 
•s n a P 
0 
6 
m s o 43 
CO ee M 
P P H o o ^ o o ^ 
o 
IB O s a o o 
1 1 0 
1 
OS m 
9 9 
M i 
I 
•O « « C 0 « e3 <3 (6 *» 0 « >> p a O +> O 0 6 (B • « tJ) b o n 0 p u '0 0 « eu m « 
o t> O o 0 •H •H •M v« u C b « « « Is. Gb 
• • • • • CM K> <4* in to KS 
» 
i» 
t » S $ S 
o r- r* a m r- fv IT r-* 
I I 
•wil «a 
t 
m 
a o 
(M I 
u 
C3 
O 
9 
'Oaf 
o 
B 
a 
I* OMT 
© 
» 
« « t-j 
m 
OJ 
o ir 
13 CJ 
m 
I 
c 
o c a; 
II 
« 14 «< 
£ 
e » 
« 
! 
? 
c ^ 
s •s 
J s 
c 
•o 
I 
•a 
5 5 
e a •» 
s .4 
© A 
ft •» 
«s o 
Tg 
u 
ft' «r 1: e 
ft 
Jl 
s 
e 
« »< e li 
© 
" S 5 g 
es « 
i t e 
II? f 
ft 
c e 
I 
6 « 
ft 
T 
f m « 
? o s I 
0 o s 
Vi A 
I i 
I: & 
1 
f , 
I •p< 
o o 
e 
ft w a 
IS ft 
o o n4 
m 
I 
ft 
e 
e e 
ai 
ft 
c 
m 
i t> 
• • f* o « P; Ji^  R i 
• • • M rt • • 5 IfN 
m m 
I u 
« 
IB 
1* ** 
I 
t 35 
<3 tl 
C 
t 
6. ** 
I 
1 f 
a 
C5 I t) i t 
U I 
I' 
t5 O 
» 
e g 
C S: 
• • 
l> t-
s 
IP* 
OP o M r- ae 
M M 
•> o M M • w M m M •> ttti^ M M M St 
• 15 a> M M » M M M MM M M M m^fW •VK* •w M a o M M o 
t-
G i i 
I 
ot^ n 
e 
K 
ft 
t o 
I 
5 
mm 
V « •» 
II 
ix 
« 
e 
s 
ffi 
O <•4 O 
M OB 
MM MM 
M M M 
s-
s 
m 
i 
©J 
to wt 
8 
Q. 
O 4K 
0 s 
c 
I 
c 4i> (C 
•a 
S 8 
u M C 
CI « 
e o c 
« e 4* 
w4 te t 
X m 
e e e ** m 
R 
t u e 
5 
CI M 
f K 
OR 
« SK «M| M M • M M M 
a A |<i w 
C o c O • t • • • 
««« • • 
8 « 8 » c «0 P S. OS fi t/; 
e S a c; m •c 
a o 
4-
1 
e e c «« 
CA 
so 
ffi 
M 
X » 
w 
O 
w «5 
i R a O 
e 
I 
t£ a o 
0 
b 
A 
e> M c r « 
SP 
if> <r 
M 
M M 
M M 
r. 
Cf. w 1 & 
C) 
o 
c 
I* «! 
m s: 
vo m m «r OD m m w CM c 
o 
w 
)m 
€ 
§ 
a 
fj o trt fe. 
t 
f 
c o 
m 
a f 
u % 
« 
• • 
M 
A ft-
<5 
> 
w It 
> 
t« 
-T. 
«wir Ml *«<»• A w «« 
iN 
5> Ml M mm M W M 
ti 54 ii: < 
K B • 
ej 9 
W K 
« 
< vt •• M M n •• M 
M M m M •• M c ej 5fi 
tt 
9 
C 
I 
i 
< 
k 
B O « 
& 
« 9 
© 
& g 
<tf. 
« 
4 m u 
« •» e o e w4 iC 
e o e 
e«4 a K 
t i 
I 
«p4 
o *» « 
g s 
t 8 
e 
«» 
• m W W 
S\ ^ ir S 
a 
© 
f 
t 
z 
4» 
e e 
e • 
m 9 3 £ & 
g 
m 
ta 
w d 
es 
03 
OJ % ^ a G 
• • • • «e3 'M 
St 
t> 
c 
8 O 
I 
i i 
e ® -
V (S 
e n 
II 
« 
<•4 C r «* 
e •» «« 
«« 
e « s % 
§ 
0 r 
1 e 
h 
c 
It 
It a: & 
c 
o cs 
g « cm 
5? "i. Sj I 
s s 
CM 
vo 
{ 
I 
i 
§ f ^ s s O w m 
i 
m 
-4 M M 
8 g » w 
(W i-n 
sc 
I 
t«4 
« M w 
» « Hi 5"! m 
d fxt * m w t •Wf 9! & 'X.J' M S:: m iie! 
» m • s S' ft » •t •> MM w M •> W |B| tni M s m M y: 
e; 
a 
r 
O 
t QJ 
£ 
Oi 
00 
C 
o 
% 
Ci 
% 
IS © 
» 
o 
f e 
Q e 
<c 
4 £ 
C 
I 
I 
• • pi* o 
(ft IB 
CR 
I 
o 
t 
e 9 ** c 
« f 
(R « 
M 
0! • 
• • • • 
e 02 e • WH tfS 
s © 
s 
I 
«« c 
u «« « 
S 
c 
« 
I: 
u 
4 
•o 
s 
*» 
9 O 
't 
I 
s 
t 
1 4 -s 5 s 
w 
M 
M M CJCJ w 
m 
ss 
I 
c 
w <s 
I 
d 
ns 
ct c 
t? c 
e u ' c e 
m e 
f 
© «* 
c 
tt *» 
m w % 
« % 
«e 
ft 
«e 
g 
I I 
i 
«s « mm w 
O) 
CJ n ta 
"N. 
C 
« « S P 
§ o 
I ^ 
I ? 
i . 
I i 
I s 
$ s 
& s 
« s: «« 
Ct 4S 
« (C 
ft* 
ft 
I 
v . 
(Q 
g 
» 
I •» 
f tf 
I I 
I < 
u 
m 
s 
s 
i 
« 
•i «s 
g «t t e s s • S 
i 1 B 5 S s I-* fnK « S 
«» •» e 6 C! 
• « (C j- 1-
• • • IT 
r« 
«B « 
I m v 
(K 
mt 
C 
tm 
C 
o t a B 
§ 
a 
s 
6 
mi m < I- • • O it» yt 
^ m w 
M M 
d tS ?5 
•»« M 
s a g 
c 
a 
04 fs • t; w a 
tf\ fm ^  
-rt 
2 s-
© 
ej 
© 
r-j w 
e « 
§ r 
S 
•o 
ft « 
s 
e 
5 
M« 
t« 
tu 
O 
f 
« s 0 
1 
£ 
<t 
t 
S 
c b r 
1 5 
c CM C Ifm 
<RI ir\ * * * * 
W 
SH 
IS 
• 
* 
Ml 
1 
C 3 M M' 
r >«( 
• (-4 
W 
•A* M K SB tn 
0 6£: f3 
c 
e <e-
Q wt 
» 0-O a: 
© 
vs 
a a 
I 
Ke% 
SEJ 
^ |! 9 
CP* r. 
q^ c i . 
^ e o wt ^ 1 E', t-
C 
Oi 
s <94 
jo 
tn 
I 
f 
ei 
eu 
o 
•3" e « V 
S> m ® 0> » o a S3 0 m o e O a © S « •g & t & & & ir o f ? F f 1 h < r; ff* fi- r C f IS 
•e: 
m ft ft c 6 
*» *» #» ft « m *> e C ftt •» a •t r iS» i c s T; m >> ft IK « mt fM> <S 
s O S ft ft ft % c R U m ^ 
U B ii f E E « 1 tt 8 S s 9 M 00* S a B M« •t4 ••4 «•« 14 n 0 e IS e ts e e S m ft 8 « K m S 
*» «* •» •Ml Hi <«<* i- t- f- f- Sf-
• • • • • • * • « o t- « c c OH Csi if l> (C or (£ OD £C 
A 
» 
tc 
ft 
E *» S «5 •H £ 
pit 
lf\ OD 
u. 
f. 
S' 
d 
5 
« 
I m « 
as 
>> 
i 
! I 
r 
e 1 
1 i 
a 
B 
P O 
se 
A 
£ 
ej 
ft 
8 B 
C i;; 
a Ss 
X 
<3 s 
b u € 
f 
r> 
s 
f-s 
9 
"es*-
CJ 
©s a 
I 
(f) 
«M>» 
PN 
i 
*>B» 
a 
'ft w 
•J 
•• M M .04 ca ej 
9 W. < 
m c p o © K t € Vi 
t 
u & i 
o 
e o 
« 0 
1 «! if 
«c 
i s 
•Ml 
n 
r-m 
I 
t 
i I 
a. K 
! i I I eg ' f3 «) c • « ^ «» a «» 
<1 
or m 
e 
s 
EC «-• e 6 e e ft 
I . K 
c 
t 0 « 
tt. 
1 •• 
I 
a 
e 
lu 
r" OD 0- c fs m C-s M a (N 
* * w 'mt* w 
• 
> IT* 
8 • 
> at. 
• 
1 1 > M 1 » m 
«!»«» w tt JS Ir «e fc. 
• 
• INi s-l M t«* 
© 
& r Si f9 Si » 
m u 
fc ia ts K 
I 
m 
& X! B 3 C a -c -«i: ••« c - e s. « s « > 9 •» 9 iki 
ff. H i- O. 
e; 
• • 
a 
r? 
& 
I 
I 
t e jc f-
«r. 
« 
vi 
CA 
c. e e; 55 
tr a: 
I? ti rj 
fe. R 6 R I. 
K; 
£ 
t 
f 
O 
3 
bl 
< 
« 
I * 
X 
t 
c 
iM 
r,' O 
V 
f. 
r; 
a 
S a tJ 
O B 
ft 
• • p; O m w 
ft 
s o e 
e «e 
IfV 
fl c tn Ci 
% 'urn M •<4 e M SB W 
• a ei O o • Ht M >4 • s 
•> > «S y HI J?* • • M V • 1 t 1 M «t; M W .V m w 
* • •> 
W M • W 
P • •> 
• 
f*4 M (•4 «>« ^ W ya0 
OT Sfi P m c? © o a J,? 
r> 
e fi B 9 
C3 
C3 
e 
I 
c 
t 
I 
»• p> I I I 
IT ve r« O^  
I * 
«( e 
i 
t 09 
f «» 
•1 
s f-
a 
I • 
<& ts 
I 
i 
c 
« e 
a « 
o 
*» 
ICQ 
« 
8 
I 
ft 
e 
• • 
E ft 
«B 
I 
ft « 
P 
te o s w 
O 
& 
ft t3 >» ft 
rfT 8? Ir 
If Xi S >. i;;. «« e • e 
ti I St 0* s. 
• • Ci ^ 5 c 
t 
ft 
e 
I 
s 
s 
e o 
s 
H 
r 
C 
t. 
K c 
t 9 i T r r: K c; f^ j 
C J 
c 
t 
e 
i 
Sr 
15 £ P. 
M c. 
6 S w H 
fl 
V 
t 
t 
K 
-4 
> 
g tm 
c 'JS 
vo rv 
S e «H • • •r «k jf> lr^  OD if •r « M «M « •MX' w w 
iw« W 
m 
0 
• 
S I 
• « w o • 
* WW K fl» tS • M M C3 « w M M 'trnf • *» ^ f W •r 4* fi 4* 114 u M t « o 83 m t*. tm 
•> M m* M r. • • • 
(M m ^ 0 0 • •> 4M, • 1 M M M ssr t! SW » <C> •Pi • f* S: a m, § • •> • » • » M i M <«> W M M M M M b U 0 K p: ft* O ft! -2 o«« ® « e C a K tr OSf few S?: 
o 
C in 
c 
c o 
t OK 
13 o 
e o 
f o tt 
c. 
e e 
If f- «. 
09 
P 
r-' 
'•HI* l« M 
» P-o L'N • 03 • 
1 
C3 • « H b b fS 
am. 
ft C 
•M » as •M 0 0 O B JS £ 
e* 
E) fj i »« 
« 0 O « 
e o e 
a , 
vo o • 
m ej 
a a 
09 ^ 
; < 
e. a & V* a ^ o f « fi; 
M 
(8 
S3 0 
1 o 
J 
o 
C3 
Js e 
S B 
^^ 
« S3 O 
R 
0 
I t 
I 8 
r: 
t> 
i 
f 
I* 
c T 
• f f O « tr 
t s t.: 
to 
i i o m 
L 
s. 
S' -t m <0*0 mt Of 
I I § 1 § 1 
B | E | 
S f s i 
t *> 
i 
£ c 
c o g 
c. 
0 
§ 
m4 e o g 
•e 
£ 0! l!l c s 
e e o o 
t u 
8< ic 
« ^ s s 
£ 
S 
G 1* 0 
© 
t 
c 
t 
t m m 
>> 
• 
01 
t 
t 9! 
t£ 0Mt 
O 
t 
Ci 
0 O 
& I 
% « 
n 
g 
i 
3 H (fii * 
m < 
t> 
c 
t % 
• • 
o 
a I X 
c « 
I: o 
in 
at * 
M M' 
11 * 
^ > M 
JP W 
« 
s o je. & 
s 
« o 
s f* » 
I 8 
9* 
IfN 
I 
Si. 
% 
r, *» m 
t u 
I s 
V !. « « ss 
€ 
S3 » w 
S3 
OJ 
M n 
u t.< me 
!* 
88 
M 
P 
fi O 
s 
M « 
B 
• 
o 
a 
a 
3 
I 
ac 
K 
C IS 
« 
t! 
t tJ 
ITk 
m OJ is; c vo 
•WW 
'ft m 
I* e 
it S. <•4 C «« «* 
e js e R o s> o «i SS 
iSt ^^ 
I o 
fei ts 
I* 
I! «« w tNt (S 
r- oc 
e 
•» K 
o 
I 
e 
f ft 
8 e ttJC 
I * 
e 
s 
u 
m 
M M t WM 
t St. • o s 9t * m • « M tHI INI w t- ^ «« •r & •3 
R. 
o 
u 
u (3. 
ts 
o 
« 
s 
e 
W ft kr o e 
ft 
£ 
• • 
o 
mte 
a 
•• M 
e c 
e 
fc o 
« « K 
sl o •» 0 « 
po- » t» is g^  
• • 
I 
t 
s c ©•c 
01 
i 
CI 
a 
< ® ® 0) 
O CJ CD • • • 
o© c 
Ml «• W 
•• • • • 
J> t>i< »» 
• • • • M M 
• • • 
4 
•e f. 
» 
> M 
o 
I 
i « c. 
IB o 
I ••4 e 
"I 
51 M » 
ft 
in e* 
e t» M 
OWfii* 
Ml * « 
«« «>M •irt « «»»«• 
0 8} 
O < 
o E 
a a 
m* c « 
•e 
e 
a. 
c o 
Cf! 
ei 
w 
c 
C e: 
& C 
« I? ^ O 
:: 8 f ^ fiM ft 
V s 
C M 
I s 
9 
ea NO WV s S •4 
TKAI* w 
iMt w e: 
M 
* 
ft* 
4 f. 
i e o 
i ft 
C ft 
v J 
Ma «« « sl Sfe 
« 
I* 
« 
tr 
t, tn 
a 
c 
t 
I 
0 
1 
m « X 
18 
t" 
W t. 
a m 
• • 
so p ^ o «> so •• 
M 
• 
•>4 
94 tr. O 
m 
t»i M M 
e § 
« r a 
Ol 
c 
» 
to 
LB. 
s s < < wo 
« 8 
• S e 
I - 1 
I S : 
{ i 
« s 
£ 2 i f r 
tt ft. XI ns « o 
I o 
w e s 
8 
ej 
I 
i 
w s 0 
1 
I «r 
fit 
s 
e 
2 i 
«B e a i 0* k « «-• 
Kt. m 
^ r* flc e t* i> t-
g 
a u 
I I « 
^ • » » 
s w O 
I t 
o ^ o* ^ ^ Jt 
diffusion ph<»!iai'i»ti.a k! lofi th« luo i»acehatig;e pracoBR. Ttop 
farmer Ifi valiil at tslrSi conofiit ration A wbil® tli® l f t t t «r at low 
cofiOf>iiir»tio»s« Tbfr t^nntioB of mptal ions oti ftii1pBdaiiitf>d 
Is0lly8tyr<»n#» has ht^ m 8tiiti4f»a by CiB2) WIJO araln 
oonfifwftd that at lilpb conor^ntrations the rat© i e iaaoimndciit 
of tUo ioROlng (portiol© di f fusion) wiJilo at lo^ m m m -
trsttooe thf^ rwarsi^ Is trts© ( f i l e j Oif fusion). to 
tSsoeollas C283) win© ®tii<Siet1 tis© SUlneftlo© o f Sa(I )«5l( l ) ©^Jhanfo 
oo cvyntallim Kireoniue pfeosptiat©, ttje ret© of ©EOliQfJg© i s 
Icit lol lsr foot end tbcB booocios g\o%u Fcgo ooa SlteinCJl 
havo DtcKStod tbQ feiGotice of ioQ e^stjoogo of ol6:oli osotols on 
0 
ElrooQlo® ootlessnoto 4n liyfls^gms for® ot 25 6 niua fcovc founfl 
tliat tfc© roto of reaotioo ioercnees with tt»o otosilo cisEJbor of 
tlii» ontlofi, Atbprti ot Gt» 0-B5) i30v© olsservoa tbot tfse rato 
of ©lEOhongtR fi^© Ba(IS) to 8 r ( I I ) ofiQ tbat i t i s 
parttoularlF for ^I^CSl) Ion on sircoiiiamCiV) phosphate, 
!t«ji»iitl3r, CostRQtitio itB6) fens studied tbr* 8i»lff dif fusion of 
j»fi0 Kit) 00 i^crooiy8t« ls of gir(H«FOj^)2,3BgO and 
una ti»» tlie Picfc*«9 eqaation to take 
itito aceomit tlie nonttoiformity of tfie particle »isse, fhe 
eqaatioa ohtnined ha» employed in » otudy of tfte se l f -
dlffitsinn rate of HaCl) end in the aliuve escohnnger and the 
iwMt i t y dnta been compared vi th the oonduotivity data 
available for the same ionic foi-ws. In these lalioratoriea a 
new atproRoh has lie#fi intittiHieed itB7) to study the reaction 
klneticfi on the snrface of an inoxiranic ion enchfflBfer, The 
pt criterion pnit'as^d hy fkiyd f t a l . (181) i s os^ful for loot 
tinvitrtf; slwltftr f»ff»otlv# rtiffonion co#fflci<»ttta, tor an 
iHcitatlC! nxchsnfff* prooi*fis. In ' truo Ion pfi«nowf»non, 
bofsfurer^  tl*® fltt*«s of at tenst tmo til f f f rmt lonio 
ar«» Gouplvd ^Ith om* auothpr. Th«» a simrl«» diffanlun oaiifficlriit 
onitnot th«» actaiil ^rooims. In suoh e thi* non-
linear ?f<«ra8t-ri«n«*JE ©Qtiations USS,189) sfioiiia l>e appltcf^!)l(» 
for © portielft fiiffnsioa eoiitiQllcO ejwtir^ ngf* 
e?;livitlonal ns^iifnptiosjs For rraetlcnl p«rpo8#»s, fin 
esplioit tea© niwn l^ y !!©lffcrl.elj ct r I , (lO t^^ OS) 
tsfilolJ cp|)ro?rl©ate tfce ousierlonl resialts* Usitjf, tlaie ^^spreesion 
tn® OlEjpnsionloss tiri© pmrospter ( T ) for sona eystfmB t)o© hmn 
waloatoci in tlicss^ laboratiosrloB (iO^-S^i). 
For t!i<?Ti:o^Bn®l.c stat^ies tti« loa fscltaag^ o(|ail&f)rlo 
may l»f» dPsori1i<»(! by two t!Jwjri»ttCBl approiH}hi»s vlas, f a ) based 
on tt»e I w of fF.f»P« notion, sai (b ) on tl^ e Tton«*»» theory, rrotf 
the thi^r#»ttc I point o^ vtim th<* ttoonnn th#»ary h»n m 
of p«»r««ittin|f a iwire eli*g»nt iat^rpr»»t»tion of the th<»r»aiiynsfT»ie 
b<»havionr in an ion-<»x<!b«Bni»r. 
Hovi»vi»r frtfm thi» practical ]H»int of yii-w thi» action 
n|ipro«ch i s 8iw(ilf>r. Many work^ra have atudied th# tharmodynamica 
of cation exchanta on xirconian(IV) phoaphata (202-205). Nancottna 
and co-i»orle«»r« (206,207) hav»* intarprated the tharMo^yaawical 
function a in t^ r^wa of the binding nature batvaan alkali laatnls 
an A tha ion exchanirar «atrix« The ion axohaoia aquiUbria of 
1.1(1)« N?»(I} nnd X(t) on s;irooaiun(IV) phORphfiti^  )iiivr> also b<><»ti 
sttitiled by hnrnm and Vlss{»r(» (20a) who oaloulatPd the efiulll-
hrlum oonstants «nfl other themidynamical paraiieters viz. ACr*, 
AS * Aoa Afl* cilfnilar fittiiSl*»H li»vn heea stnfl^  on r^ nlon exotianfrerfi 
also (209)• An attempt to derive free energies, enthalpies anrt 
entropies of esrohang© for th© Mvalent ®etal Ions* I . e . Ca ( l l } , 
S r ( I l ) , 3a(Zl) and Mg(Zl) on th© liydrogen fona of antlTOny(v) 
Rlllont© end Klrooaltiw phosphate elso laad© by Varshn<»y 
©t e l , {210-212), 
Th© studies eoa© so for io tbo f lo ld of Inorgonlo Ion 
eiEOhnas^ cr® point to tSt© follotring liit©r«Gtiof, oonolustonei 
(1 ) fli©y show io gcoerol o poor rcprodaoiblllty in th©ir 
L 3 © H O V L O U R » 
(2 ) Their Gtablllty Is not p.enerally vr^ ty Mgh. 
(5 ) Only a l i t t l e ©ffort has been maSe regarding their 
kinetic ana tbefwodyn.-tclo studies which are Isportant 
to understand the weohanisffi of Ion eitohan^e. 
JIntlcBony salts have been syntheslKed and their applica-
tions studied in a fa i r ly detailed suinner* Antltnonlo add 
has been of particular Interest because of i t s peculiar proper-
ties i . e . hlfh evehsnge capacity^ a reasonable rate of exchange 
and desorptlon and high selectivitles for certain elements. 
Br»etsle et a l . (SI*;,214) have reported that antiffionlc aclt! 
90 137 
(Poly»ntlmonlc acid) shows promlaiefor Sr and Cs recovery 
frow «ci<t r#proc#8Biii|E «ffluf>ttts« Thf» tidisorptiaii prop<*rti«i>!i 
of antiwoQlG ffcid d«ipi»ftd on thff&r isottditlons 
A^lti^ ami drytnf oondttlona f te . (31). la 1«)23» Jaiisler atitl 
8iw»f» that AUtisoiile iictfi etsor^efi Itt&ium ions 
frjw n «lllttt<» litfduHt ««l|ihat.f» sialintlon »n aoorphoas vu ss 
of inflfflntt<* eompoK&tlon* 'stlmmio aeitl® baw 
to erystallino ob£! fiirPH. T'f^i-iitls^j 
^ x t ^ s l w stnify ©f thtf of -iistimmlc acid lias bei^ n 
carrietl out fey .^tjp ft?i(3 Ito fSt ) enC? No^ l&oHr flip 
|Ji\"olpltotf> of sntlmalo ooitfl op© fj© oof" 
folSowifig tlirec* cetEiodftS 
Ct) Oy E2r«3n>lsrsl0 of io C2t?), 
CG) CF o t^li^ Jf! fioiti itit© fiatlTOCOto, ood 
i j ) paESiRS e ?l6l>(0ll)g ®oltit4o?a ovor g ©traop, eatioo 
resin In the 11(1) foe® CS19). 
fh«* pr<*olpitatf» Is a0ifiip|»hpti« nt f irot, tjufi fjffs&ially tranefonspel 
to ory«tnllin<» natprlal Tiy Itfuplnj^ it itt tli?^  ooi^io solution 
far n lonr tlw** (3* ) . Thi» struot«r« proiKie^ d^l toy 
i}ei»t»l«» anrt 1219) on tti*" pov^fer pnttf^ra, i s Isailt 
ttp ffaftpntiatty of two poly«i»rle itniotMri»r, 'hissftit on SbCotlJg 
oetahi>dr«t H triw«»rlc atmetttri* unit w f l r i c I farmtsln 
with h oxytwn atows commott to 3 Sft atoms, 
anrt a p^ntam^ric stractari* imit, wHpwriORl fonmila B^Slijp^CoflJgg 
with 4 oxyft<ni atowB of thi» «i»ntral Sb ootaf)i>dr(}n tinkine; 
frroiip «r»iiiid i t , ft»n»»» tri««rto units anfl on® 
p#nttii»«>ric unit con»titnt«» onp unit o#ll of an wspiric-^l 
[ H3Sb304(0H)j^ Q] 
[ H5Sb504(0H)22] 
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27 
fomula, J • I« f^4»l>vrf» and Gaywartf 
(220} tiavft reported that adflorption of alicall andl allcallii(» «arth 
Mfltals on antltnoolo acid i s ji^ ov^med tty ion ftxchang^ aeohaniaai 
with a sfiiafao? in thf> ord«>ir o f t 
Nad ) > K ( I ) > SI!^<X)> a i > ( l ) > C » ( I ) 
and 8a< l l ) > 8 r ( I I ) > CaCll) > Mgd l ) 
oryatallinp cntiftonio ooi^ s!iot?s ©strwai^ly lilf,b ^ l u f s of 
eietributiosi oooff ioic^ts for SJaCD (SSl^QSQ), Br(U} <223»22^4), 
CdCll) (225) amaUgiU) AntiuJORy salts saoli 
•i'idV) fiofl fsTiClV) uotiiEOQate have rfsoeived attention because 
Qf tliclr reproduoibl e ion esEeljoogc l^eljavlour and soss© novel 
applicatiooe (227-229}» Antirsony eilioon aation esofianger ^se 
prepares atiO studied by Hovifeov oad oo-%?ork€>r8 C230-232). 
In v i « § of t!ii««i above, tlie prt-nrnt eta< y^ i e aitncd to 
8ynth?>«i9!<» and otiarsct<»rls© « ion escolbaQge laateriRl teased 
on antin!ony(V), the idea bpfiinrt the stncly i® tlint aretmate an^ 
p)ioiipbat<*!t t»avi» individttally 1><»<»n found to poss<fss « prowifiinf. 
ion #xohfmff# lb#tiaviour, a ffltatfrial oMain<pd liy sixini? antiaonyCv) 
with ar««»nat« and phosphatt* imist IDe bavinf, a good (»]RShanpe 
oharaetrrlBtie. I t i s tnta for a dontilo salts in guneral as 
prfipar«>d in thi»8f laboratorias earlier (115,It? and 158), In 
th# following? ohnpters the »ynthesls, ion esashango behaviour, 
ohamcterlKation and anatytionl apptioations of antiwny(V) 
arsenophospbate has been described, ;*lonKvltli tlie kinetic and 
thermodynaaiic studiss which point towards the possible necbanlsM 
of the ion emhan^e pmeesses oeeurring on the surfnee of the 
Material. 
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iiiTiioiiycfioit 
4 Iftrie imiilier o f inoriAiiie natsrials i^siiosssiiig Ion 
pr(i|»<$rti@8 harm 1}««ii i^ttiaslK*^ «tii# «i6«HI §»r i^rtotiit 
stparatioiiii of aoalytlo tl bu^ rii^i00lt«ini0£;l ittportaiiea (1-5) . 
•Pli© liyslroifl^o of i^eatavaleat «tital8, suo!i ns aoji 
liaife 8saf»l oatien Q^sorptloo propertloB imlu^im, 
uptake of tons. m oolle^ mtimnio aotet ^aa an 
©»|i0Olally la*i?o mBmvptim ospaeity, larg<3r thm ttot of aay 
otiscr ia©t®l nrliieb ^ ^ & rea®[ioal5le r»to for 
d^eorptioQ oa^ Mmrptlon iisea lo a ooltsimi opuratioo* 
/latitsoos^CV) salt® liavo rceeiv^a otteatioa lieoaoso of ebotr 
gooi repfo^aoiMo ohaf^oteflstto© (6-9) sail 
aaals^loal potential (tO eai t i ) mm ioof^nnio im osot^aagere. 
^\iitii!way(V) sllioat® in th®®a letioratorias ( I S ) 
haff Mliovft exoalltot staMlity on^ &on exehang® Dalia^ofsr, os 
it in ntaMe tlitt ooitAitlon of tesipoi^tiire and 
in iir«t«mtt« of stronc radiations, Boubto salts soitto 
tieottliar eharaetoriatioa ovar thair a inf lo aslt ooontar parts, 
Sirooaittw plioaplioailioata (13)» for axampta, has flraoeasafttlly 
liaan uaaA for platonluai iaolation an«l tItnninM phoap^osilieate 
(2 ) for tlio sapnration of rsxfionuoli^laa, Stannie vaan^pboa-
phato (1%) an^ atannio aro«miptioip)t«t« ( tS - i ? ) poaadsa 
appraoialilo ion oaotianga oapaeity a^on at alsTiitad ttNaparatnroo. 
Xn antiMosy aal ts poaaaaa anhanosd ion axehanio b«l«f»viour. 
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i t tfhoiilii interefttliig to tlitt pfoportltts of dontltf 
•a1t« on nntlMoiiy. <FHis etiapt^ir ^eats wtth tlie 
oti«i«ot0rlxat&oii niK! ootum opptloatlons of « tttersally stalbta 
l^nitt of t* nm iitor«»fiio &o» •soHaii^tir vits. antinoiiy(T) 
arsimopliosrfiato, whiolt i s aaKOdftlonaHir se t^t ivd for mmm 
ntlmtin® ®artti» m^ ti^nsltlots ttotate. 
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BMPKItmsilfAfc 
Mgantf l Afi^ Oli«Mieflits 
Afitlaonir pantachtori^o in this «tudy was of the 
p i r l t y oMalncA froM Tlulm Buitx&rt mill» frifH>«liii» 
ortliepliospttata mA <li«8ot1iatft arswate vera of AualaB f^mm 
obtained frow fool® Ciaglan^!) QO^ 
(itarasta^e) rasi^ectivuly^ M l otiscp reagants on^ l cli@iPio:3ls 
of Aflalaf! 
f«ntgtimqnt,». 
?li@ follo^iti^ lastroKeate woro tssea for tb© varlosjs 
Philip® ^my ^iffmettm tieie with Qo^u^tavg^^i f^a 
iStioo Cln^i^) Modiel t«X»iO» & Satsssln an^ itoi^ 
r 
^poetroale-SO spoetvopbetoeator, a Beoto^a SII»gO epootropfioto-* 
nHitfir, • Fjr« ffnienft ll»4al Sp-S^OO AtovRio obemri^iott 9p®otro* 
pboto«et«r* « nyiitronlOM CZiidi«} flamo-i^otoiSdter aod m v^t^r • 
b«tH ivwiilititor stiMker ifith m t0»|>«r«tiiy# vairiatloii of ^ 0.5 C, 
FroiHirattoii of th» reagwit •olntiom 
A stoctc lolatioii ( IN ) of aatiaonsr pootaeliloiri^o (SbCl^) 
ffoi iir«|Mir«a in ltd, Fart1i«r dilutions to the 4o»ire4 
QOiie«ntration ware aluo mado by TICI» nisodioK am<Hi«t« and 
triM^imi |»liofli»liat« wer^ Ai«Mlv«<l dirootly in atninomlisod 
vMtor (1WW). 
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gyathfiaift o f ion w i f t t g * —t t r l a l 
Tftrloito taaplos of antimnyiv) arsenopbospliate wero 
proporati hy mtying ttie eommtmtion of ttte nixtiig flotation 
a « givon in mid i^te of ttio rooit l t i^ got nas fixoft 
in mngQ of 0 to i tiy adding aosttonioKt tisrdroiclilo iiitli oonstaat 
stisTii^s. TIio gets tHiad oMoinoa ttoro oonOitionod for 24 !»)aro 
at foom tos!peraturo tieforo Iteing saparated liitii motion, The 
exoaas said was vaafaod o f f vitli 'MH and the sateriat «as dried 
i » m a i r oven at 40*C lieforo oraofeiag ia mw to obtain 
gmmlm of uni fon sisio imit&'bte tor eotartn ois^tioB* They 
were oomrartad into the B'^ «>for83 imttlng in ^ BNO^ at t e a ^ 
for Hours vitb oocasioaat atiaking, intarmitteatt^r raptaaing 
tba mpevnatant tiqaid vitb a freati aoid, The natariat tlma 
obtained r^aa fioatt^r to retire tba osseus aoid and tben 
« 
dried at %0 C« fba asDbtmger beads are tbua ready for farther 
atadlea. On tbe baaie of i t s apfsarent obeialoal atabitityt 
appMrafHse and Ha^ ion axsbanie oapaoityt eatapte iraa 
aeteotad for alt tbe atndiea. Tbe reproduoibititjr was obeoiced 
by preparing tbe aampte aeverat tiuiea fat towing tbe aaaie 
proeedure. 
Ion Bnabanie Capaeity ( i , e , o . ) 
I t waa detemined by tbe ootonn prooeas talcing one gvmm 
o f tbe enebanger (H^ f o r » } in a gtaaa tube baviim an in temat 
diameter 1 on and f i t t e d witb tbe gtaaa woot at i t a botton 
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gyimii^sis QV ?AMiotid <ir :mnnmtivl i^ i^Ha^onioa-iiATii 
Sa®l)l@ Coooontration of fining MiKie^ i^tt© Kn •ion Hcttire 
w>liiti@!i© (H) 6S!0l'Litt|»;e 
oopsolty 
Sb As Po^" ^ mmMry g 
A-a 0.05 O.i o . i Hi i tt QA3 Powder 
0.05 0.05 0.05 3t i it S.80 
0.05 0.05 0.05 5t2 si 1.67 
A-% 0.05 0.05 0.05 5t 1 tS 2.18 
A-5 0.05 0.05 0.05 htt St t.90 
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ffliOKii In Pigttrft !!«t« 290 Hi of IM ftaHOj sotatlon was fmiiaeA 
tbrotiiih It «Miiiitaliilfi|r a very tlov f l ov rate vl/aln) nn^ 
th« effttioBt WAR t i tmt «A against a atnnflar^l CO*ilt) NaOH aota-
tlott. ff ia iVft^-lan aiioliaBga eapaeltlaa f f tlie various aamplaji 
la tairms of tlia iiltllqiilvHtent per iiry gram ^own la 
£ffoot of ©luaot ooneQijtffatlog 00 tha Ion ^aottango capaelty 
Btl t^aHOj 8olatio» of eoao sot ratios ® (O.S, 
0,5» t . g l ) tfefwiglj several mlmma 
,— 1 em} eaob oootaloln^ one grsE of oasban.^or IQ H'^  for® 
®lt!3 ^ flow rat© '0,5 t!Sl/iila» H^ loas tlius out vero 
titrated © staaSora CO,l!l) 8o1it2tloa» A EBasiiM* 
atotlofJ ^a© wltl! IM f^a'SOj solatiooa flgtir3»S»0 sitows 
tfia varlAtlon of i^o E loaa oat idLtli tlio coiaoeistratlon 
of the ettt*tnt, 
glatloa %<liavlottr 
The oolnna oontalalnit 1 graw of tha Mitarlal la forw 
was atatad vlth IM NaNO^ aolatloa haviair the stanAart! flow rata 
aaO aavaral 10 nl fraotlons of tha affloant wera aoltaotad and 
titratad for tha loaa ralaaaad* Tha total volume wna fixad 
as 290 i»l« F l « « -3«1 alio«a tha atatlon hehavloar of the 
axohangar* 
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Ion •KChapgft ewyaolty wltli atffariiiit wm%»t iw >0latton« 
•aHShafiKtt eat^aeitjf 9t the nateMail vme ^etomitto^ 
!iy paisliii '^ i f fwrnt wdl^t ion solutioti througti suvwil 
eoliifW!! eaeti coatr»iaiais ma ^rtm io» eite^n.ter fta If* font* fhe 
results Rra 4B 
gtt^te.'^l gt^Mttty 
®til8iMllty of cireaiaoptiosi-liat® i© 
vfirloK© sol vents xiQ® cs© jiivea l>olo«8 
SfO mg pQVttonB of tho 0Kste?icl worn ^apt @1 
of tti© salvcat for Qh feoars at r©o® tmpomture with loteir® 
isittGnt slm^a??, 3 ml of tha sapoTOotasit liquid tjas evapOTOto l^ 
to {Ijeyntsf? bM til® rmi^w. dlssoJv©^ io ifs ml Autimony, 
itrscMlo an^ pliospttortts wars tfeta iS[its»rmta»i! saparsetaljr aslnf? 
til® ii«thoA» gi^m 'h«tcni» 
(1 ) Pintailti>n 9f atttltnour 
To tha 2 nl portion of the alioire sottttioa u«>r« a^^e^ 
1,6 ul of 18H HgSOji aad of KX rwtgimt <11.2 fwrw of • 
2 gran of aaooi^ic ncifl tn 100 ml water)* Tti<? ootottr ao 
davalopotf was dllntatt to iO H1 i#ittt vater in a standard 
iwlnmotrie flnak and ttie a l iwi^aeo waa s}£i«aur«>d[ a f tar 
iiiant«»a at h2tl m anaiiist a ronfent lilanle ( i S ) . 
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ION aXCHAMgii CAPACITY OF A»TI?ttNY(V) ABSiiMPyaOStlilYih 
Fon VAaiont W M T . S O L U T I O N S 
M0tal solat&ons 
» 
Son exoliange 0(ipa0ity 
(®0<l/diT g ) 
LICI 
uty 
S.20 
CalNOj)^ f.28 
SriWy)^ 1.62 
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(2 ) T»tt»rwtiMitie« of arwntc 
I t tiy the liots^^eiiaiR Mil® iBetlso<f (19). fhe 
reftjBf^t soliition wi^ s hy wl:*tiif 10 ral of solution A 
(f gmm ftimoiiittii in I W of 5N Hgao^) ifltSi 1 ml of 
Holution IR (0,15 praw of stilvhato ta IfW) ml ) aa^ 
^itotin^, ths wlstara to lOo !-VeslJ rmp.mt mlntiott wfis 
prepared @v«fy tif;a» TO pjI of this raofretife e-iolotioa wbb 
to the sawple i^ltttloa (0 snl) m^ tfio alsturo feeate^l ow a 
gt0p» ftetb for ts minutm, After eooliuf, to tlio roo® tanpe^-. • 
tiirc, i t teas to o irolonatric ficsk aotl 
eilate^ to tijfj ^ f ^ tritli Tfeo olJsoE^aaeo ^ns to^eo ot 
en. 
(5 ) *^ateyiRta8tioa of Plios^^^fl 
A tea-apioa fu l l cai%on Dlaois was oMss^ to tlie mmplo 
?iolutioti ( to !9l) fol lo^a« the 100 m of 0,5^! NmriJO .^ Tfio 
oont^-mts of th© fl.'isSe warsi etiale^^ for 30 Piaates oo it ^aotoaiiie'il 
uliaicar an^ f i l t e r « « throajfh a l^ 1iat?a«fi Ho« 42 f i l t e r pnp«?r# 
15 " l of tha f i l t rate talcdn ia a 25 wlSRSetric flasic 
followttdl liy ti)« 5 nl of AMMNsaiatt 8«»lyt»d8ta imltttiot) 
^wooaiun aoiybtUte # 100 ml af 3.8?* MCI • 5 wl coiio.llOl), f^ie 
sl(l0fi of t^e winhaA vltb disti l led «rat<»r nm\ ttio 
•olution va« ah«k«sn thorouirhly, 1 ml of Snaig solution (10 ftraw 
SoSl^.S^'gO flifisiolV0«1 in 25 «al Cone, HOI diliiteit to 1320 r I with 
Wifv) tras thou to it and tho irolumr^  wns unffe ii|»to tha ®«rfc. 
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Tim Hi^ sorbancf! talcstii at 660 Mq^ , aiiHliist « lilanfc prei arai! 
in tha iiiwltnr (20), wuBwarlseas the renults, 
Thcraal Stabtltty 
Several 1 ^rsnj portion® of tti® esjolif-mger t^ er© !ieate;1 tu 
^.rions tmpmri^tarom la a f«tiffle f&mBQo f o r 8 tmnr moh^ 
tfe© ISF ootsKm OB aftor 
cool4o« to roorq tertperatar©, I'orocut ^eiefit lose wm al f^ 
reuor^e^® the r©OTlt© of wtjiol^ are ita Tahlo^p.o^ aae^  
Qgin.r3ot ffyi.rt^^tleia. of.. tl3e-.IMt.Q.iAri-l 
M Q!io!gieiS Cog>poeatip.ra8 fsilllfror^ of tbo tjoro 
f1is«olv«f1 f?0 nl cofiQ. fffll in n bcafeor t»y tiontiaf.o f?io 
soTatioa « « « ^rther <!lltit0i3 to 50 ml n^ lt'^ in'^  hn ESI, f f ie 
wottttts of ?*titl?iony, nrnmia r»n<l pl^osfliorotis v^re ^eterelneft 
l»y the xotHo'ds f!io <!et®r»lRotioas aaref 
further conflr»«d liy Atomio Atefian^tiiin ;»ij«}otroi>ti0t0''r8try, TI»« 
wolff ratio foim4 to tiw for Sih, As awl I', 
( I I ) ptf Titratitfwi pM t itmtion were perforviQd hy t lu eethorl 
of Topp »n<l l»«pper 5<)0 ib? o^ the oxehangar in K^ for® 
vera in «»ch of the ci«»v0rfil » l eo»io«l floalCB, 
follot«ed hy the oiiiiinolar fiolatiotiB of nlicali But^l cftlorideB 
an<1 their hyAnixi'l«« in '^iffer'xnl volttmo r^^tios, the* finnt 
li«iii« 90 «1 to oaintain th« ionic iitr«»nith ooniiti^iit* 
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IN TARXOUS SOLVaiMfS 
Sol Tent 
<25 ml) 
1 
Aaottiit dlssolTed in » t 
» » 
Antieiony <Sb) Arsenic (As) FtioiipSiorous (p ) 
in HU0J 0.5S 0.79 0.03 
2M IQIO^ 0.85 1.70 0.05 
45! HSOj i.SO 1.70 0,06 
m EQi 0.83 1.60 0.05 
gH mi i.OO i . SO O.Oi 
HOI 2.30 1.90 0.06 
in figso^ I.SO 1.63 
m n^sof^ 1.30 1.70 0.04 
m Hcio^ 0.58 1.90 0.02 
iM Hftm^ 0.00 0.21 0.00 
m HaNO^ 0.23 0.24 0.00 
0.05 NaOM 0.69 0.23 0.01 
O.ltf HaOH 1.10 1.70 0.04 
O.IM im^OR 1.40 1.50 0.02 
0.5N MH^ OH 1.50 2.2° 0.03 
llf Cm^ OOOH 1.50 1.53 0.02 
O.IM KDH 1.40 0.30 0.59 
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SFTOCT OF nSATISG OH TIM lOH SICHAKGa; CAi ACIfY. liTfilGtll' Am 
ApgiSARaMca OF mnimmjy) Aas^ iHOPWosirHA'gs 
Boating 
teuporattire 
C q ) 
App®a ratio o ^eroent 
fdtentioa 
in i«0«o. 
Percent 
tselght 
loos 
45 
iOO 
SOD 
400 
600 
800 
White 
mite 
Light hrotm 
Light hrovn 
fA le yelloif 
rale yellov 
100 
100 
100 
60 
lft.2 
0,0 
0.0 
9.9 
15.5 
16.0 
S5.0 
25.0 
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200°C AOO°C 600°C 800°C 1000°C 
Temp °C 
F I G . 2 . 4 . PERCENT WEIGHT LOSS OF THE ANTIMONY (V) ARSENOPHOS-
PHATE ON HEATING TO VARIOUS TEMPERATURES . 
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Th« pf! o f tf»» Mtat ioa was r«oor<f0l! a f t e r • ^ i l i l i r i n n (attained 
on kaoplnf, tHoils f o r ov t iml fh t ) ani i i l o t to i df^itiast ttia 
»tlll«»Qtiiir«lofits o f th® Oil" iood a^ ^Jed « s »l»oi«i In rigare-!- .?* 
una l^ray SttNlteot «|iQOtfii«! of fB® ewiltpai^^r 
In H^-for« ira« taStfin by tlifi ICfIr i»stho<? and shown in 
Tho s-rjty <liffraetio« pattemsi s!io® assorptsotts 
iij^titre of tfia aatertcl, 
^istyliint&on gtaftiea 
'Of t!so in H^ fora slia&eii i s oa 
0lo0trio sfersltor a t 50 • G S for -^A tioare xsith 25 tsl of tho m^tf^t 
sotutSoa, c<1ji3stiQft tho loit iot QetcS 4OQ ooeooatrotiofs Ics© 
ttioa ©f tti3 total ion 0«>^nDg0 oapaoity of 6fJe catorisl, 
stetal ion oonenntntions 4e tb© sototioQ bofore ©fter 
tlio eqnilll^rlar. vero detawtinas^ ttio st^a^^ora 'roltir^etrlo 
ajsius tr-n^ m tbfi titr-^rit CS©), fli© diistritiatioa 
eojffficl'jnt (K^) for alkaline efirth anC! tran?iitioa «et« l ions 
in ^Wh', iiClOj^  n^rt ^f® in faM©»2«5« 
f h « foltowittff fomnla was naad f o r ttia oalcnlation o f 
the vatnaai 
wti«r«» 
I m i n i t i a l volttMa of tho E^TA o««iI 
r • f ina l volamo of tho iSm'A u«oa 
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0-4 0-8 1-2 l-6_ 2-0 2-4 
r- m.moles of OH added 
F I G . 2 . 5 . P ^ - T I T R A T I O N CURVES FOR ANT IMONY(V ) AESENOPHOSPHATE 
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600 
w a v e n u m b e r (cm~ ) 
F I G . 2 . 6 . INFRA -RED S P E C T R A OF ANT IMONY ( V ) ARSENO.PHOSPHATE -
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V « total imluMte of tite solution 
M « nass of tlio dieohnn^ar <ic}* 
6olHim A|iplioatioa8 
SlEoa tile iiiat«rlal apiJears to fie hlj^hly saleetivs for 
traasition metals moh an C«, iM^ ?lri aa^ ia n^!3ori:tlo« of 
t!i©s0 ions ena ?)© viclilovea on colofitiia frtjm © solutioa 
eoataintop? ottier eietnl ioots* Itob aaf? a^ r^ rotixy aro oat 
m&mn e^^  appreolcsMy aQ<1 avo e^sltnlcsd ffista tfco ooltiass of 
oatiwjny^v) orseaopl^ospfjate® t^o eaateriol oaa 
for ©iKJltisioa of eerosii^® ^ olslof pollotcata fron^ aa twjumus 
©yst^i %y o siEspl© oolotsii o^ffosotogi^pliici sottJOd. Sisdiorly, 
tfj© «0t!soil t® epp^lieaM© for mm® @®paratioQ« of onQlsrtioal 
importBiioo miolj m P®itU) from m(tl)t gaCSI), CiiCll)» 
CaClX) an^ l 8ii«jsrls©9 tli© rtealta of snoli 
!sei)ar»tion«i on a oolow of om contirtiaiiig S |i of th& 
$(UJf\ Mash •ixe «»i«efi«iiger in fi l i i ls f*lti5r0ji«2,7 
anrt 2,8 »how tli« atntioii eanf«« , flio liaittfi of utparatioan 
wer« ^fltertirla^tf on tli« l i i i»i« of tf i« perwls^tilrte &rmr r?iape as 
^ $4, 
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F I G . 2 . 7 . SEPARATIONS OF F e ( I I I ) - B a ( I I ) , F e ( I I I ) - C a ( I I ) , 
F e ( I I I ) - C u ( I I ) a n d F e ( I I I ) - M g ( I I ) ON ANTIMONY(V) 
ARSENOPHOSPHATE COLUMNS. 
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FIG.2.8. SEPARATIONS OF Fe( I I I ) - Mn(II), Fe ( I I I ) - Zn(I I ) , 
Hq(II) - Mg(II) and Hg(II) - Zr> ( I I ) ON ANTIMONY(V) 
ARSENOPHOSPHATE COLUMNS. 
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i^sPLts km tiiscussiow 
The emln fofttarft o f this s t i i^ hafli beitn to nsmthsslK* 
a obemloalty oii^ l tbetwalty stv^ b^l® ofttion osohesji^ Qr seleetlve 
for Cf»ytaio « « t i i l « . As th© resttlta point oat mtimnyif) 
arsijaotihOBpBnto to .^nv© a high tshmie ^l in 
mlt^f, el^nliaa qM ioa ewshmm ttohaviowr, fl!e 
f!oat strifeing featur© i®, tiowevor, its 0xtra-or«2iiiairy thermal 
stQl»iUlty (faMe-L^^ eod St sliow® it® oHf^iiial 
(S.SO m®q/€Tf g ) opt© SOO^CJ ea;! tbe® toeee slowly 
rertainifig 604 eii liemtiiig !iptQ %00 C aaa opto 6C© It i s 
0 peotsliar belisvioor of ttsi© ©jeolSCTger ^hcn oosiJarGil othnv 
moteriole of tliis olose 
ClieKionI mmlyBi® of t^o iMstorinl poiQto to tbo 
follo^jiop ^rparionl f o i ^ l a t 
I f i t i s nammafl that wtiols of tti« « x t i * n i n l i ^ a t a r i s lost fit. 
thiHi on thtt 1la«l« 0f thw tti«»ir«al stn-^isft mt^  
f i i«ro'-f ' ,%) wo hav« th« rollowimi »iipra«sioii for t!i<s nuwOi^ r of 
isxtomnl water a«il®oiil»« por motooatf* of the laatgrlal, a 
M • 1011 
whero x i « the peitsont ttreight tos» at SCin C atiA M i s the 
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T i t a n i u m ( I V ) a r s e n o p h o s p h a t c 
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F I G . 2 . 9 . PERCENT RETENTION I N THE ION EXCHANGE C A P A C I T Y OF 
ANT IMONY (V ) ARSENOPHOSPHATE AND SOME OTHER l O N -
EXCHANGERS ON H E A T I N G . 
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• » l « o « l i t r w« l i l i t o f the t3Beli«iig«r oxoladliM; the external water 
woliNiates. Xt f i v e s thm valnts o f n us 16. 
The |if«»titratioti enrve» for alkali mtnls (F&«tnre*l!«f) 
ll lnstrnt® the mmtimm a^piTptloB f o r t t * iouis wfttcfi ig oT>vlott» 
1>ec«ii8a of i t s ftytlrvtiwl n»4i4 * * 
^ * ^ Ho^^war, there i® no 
0i!|?r®ela1}te dlfforsao© in tho G^sorptioe belMiviour for Ha oa^ 
tt ifl also olesF fmm tfre f I f are tMt tiia aasoriitios in a 
step |»s\M3os8, I t i s pj8Kl%lo hmaumo t^ Ko 
fm^ ^iJloli t&0 p«>toaejJie Bitss to tlia 
patirrlol, iosiso GlE^st to tlio snco GEtcat (p!l0 for ® 
O.IS eo^ pSe for © 8»S) rQ'loQsiog tho ll"^  Aoas 
sininlteiOooestF* 
lufrfs retl s^^eotiti© (Figoro'O.G) ^otjs tfis pgg^e) 6t wave? 
aaiHtisrs ^ f ^SO j ' - l i o o^^ teO-3, — I ^ i e o , ^ I T O ^ ^ 
1900 n u t ! e m * ^ reiirescatiiai^ tho str@t©!iia«?0 <750)t 
arsmt^te t^rottp (93®), pli0S|/ISQt<» fm«l S200) tlKs 
QjitarBftl vflter woleeulos Crast iKKtUs) risspeotively (G3). 
Th® wo8t l<®port"«t aspect of m ios esofj^iiigs wteri ft l 
in I t i nnolytleoi applientlans, Antlwiiy(V) arsooophosi 
prupared in tbes® sta'^la* hes sboim e aia*iiai»? sel^ctlirity f o r 
Oa( I l ) , C « ( I l ) , ^ ( I t ) , l%i(Il) flod %nitl) anfl n raifii^som 
setmstiviftir f o r n g ( I t ) , M i ( IT ) , F e C l I l ) . On tliii o f tb®»e 
oliKerrntione ttie fot lowinf eepnration» have tteaia sueoetisfiilly 
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B « ( I I ) - » % ( H ) . H g ( I l ) - I i i < I l ) , r#(XlI).Mg(n>, P®<Xll ) -Ba<lI ) , 
r«(m)-ou(i i), F«(nxMii(xz), r«<m)-Mii(xx)» F«(m)-^a<zx). 
Ta1>l»»2«0 and f igare9*2«7 and 2.8 mmmriz^ the M l i e n t 
faatoraa o f ttieaa aajparations, firas the aiatorial I s uteftti, 
SSar th» aopai^ttoii of meroniy fron magaeaion and ntm and of 
Iron from «agno8i.a!af liarioe^ eoppert einot tsanganeso and 
oaloinai* 
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IMTIIOflPCTlOlI 
Z«it •snhoagt eoiiUiliria on iiK»rg»nio Ion •xohangors im 
an int•resting; avpttOt of Imrostlgatiom* Xitorgaalo Ion 
oan6ftiig«rs dononstrato «aisorpti6*ion osmhatiKe proportjr boeaaso 
of i ts inorganic notrix as against the organio retina wltose 
f!iatrioea are inert. &4|uili1»riii!a stadies irtiioh liaire been tsaKle 
00 far are on tbe Rmterials, ssirooniuei i^osptiate (i«*7}f 
aiirooniam phoeptioailieate orFetatline titeniuti pliosphate 
(10), etBorpboua oerinta piiospfoate ( i i )> titaninis and vanadion 
osidea (12), tin oscide ( l^)t otangonoae and niekel tangatatea 
(14)» tantallna arsenate (15)» it^n onti^nato (16) and 
orKstatline antii^iiio aoid ( i? ) oto. Fartber« a l l these stndiee 
iteve be 'n perfornod for a forward preoeea i »0 . by eqailibrating 
tbe bjrdrogen forFt of the exobanger itith an eleotrolTte* Only a 
ne|i;tigible effort bos becaa ssode to atnajr the thorraodltiaiBioa of 
a reverse prooesa ( i8» l9) i . e . by eqaitibrating the Rietallio 
form o f the eaoobanger with hydrogen ion, Thla study ©ay help 
oa in nnderstanding the v^rioas sorption and desorptlon processes 
going on in different systeit^s involvinp; an ion exchanger. In 
•ieK of this the present stndy has been made in iihiob the 
various theniiodamaiMic iKira«teters» suob as the free eneriyt 
entropy end enthalpy changes daring the adsorption on an 
inorganic ion exchanirer have been evaluated for both forward 
and reverse eiBOhanges. 
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intl^onyfV) ar«oocii»?»4i8 -^h«t© teas lipmi s^ttjcte^ for 
«liovf? mtu^y im it n n^w ton ©xeliaipftr ftng sho%iQ n rmnmmhty 
ffootf stftMlity ra^l low eiEel!!tfif« eap-'JiJity Tim follo^ltir 
fwiFea msmmrime ^ ^ w^mltn of ** 
^or fJm fQw^-Til fm-1 of ], K f l M t f l l , 
%Cll)«-r!Cl5, e aC l t ) v j ( i ) , c^rCSlHKS) «titl Rafi iMiCSj m tui® 
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fiaaifwits ana ofa«iBlef>l« 
Jintii^iiy Cisbui^.) in IMs 
n i.-ru'luct of fltik«, Trinollittw 
o*tl!opttoSip!tate, i^-so^ i^iit-.s nrs®niito cind ot!ior raai^eat® ami 
cftf-fierl® word either of t?ia ©•'^•fi. roolo or of f.1m 
ApprnttuB 
Por ocjtsllibrios ©testes o tfotor lK»,tti ioooljctor slialtar 
0 i^arftntlOT ©f ^ 0«!l 0 to® QSO ,^ ^ flnno 
Of gy(3tr0Bi0f) loain t?.iB for tfeo qacatitctlva 
^letepftnatlorm of -^a( l5 nil) in ®oltst4oa®. 
t-?yfitns»tit« of <mti*a<inyCV) anagtioiltoai liat® 
Tha ion ii^ toft'-ntcfe «ait«jri?»t w h fOO^ isy tlie 
<i0ierttHirt in Cffeisitar-II. ttn t««i esBShntif© lif?ltiivloitr 
ftiifl eltAr»^ot»rl««iion .it m lumwiirtKef! in tt^ e 
aitni ter. Tl»« » « t « r in l urouwrf fln«J in ortlor to 
lu^rticlew of tb« mmn t!?5 (50-70 moalt sisKu), 
Ktittilitiriwift o»t>TtiB#ntit 
( »^ ron»;»rt! proett«» 
Two hani^ ra*! wtl l l frwm of tho ew5h4iiii!rr»r in B^I) for*' 
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wer® sh.'^ lten for tiowrs In viirious eooic.-il fli»HS£<s jat thm 
t«wi er3«tttre fin* or 50*C) with 20 wl iH>tution ©f the 
mmtml ionii Ifetd), K f l ) , ' ^ ( l l ) , srCf l ) m^ » « ( I l ) , 
t i A v i f i r . G & m t i m t i o n i o s t r m i ^ f b CO*01 f o r a t i s n t i m o t i i l s an; ! 
for ulto-iltae earths), tilth tti© fiwlt, of fin 
ni-.|ir«>Frl?«t© tttaottot of iNn^, 
lo tlw ravarse @si.er4s:iit»ts tht o»cjt!iittf,ar 
S't?) wm teSscQ tlie fatal t&fff) tras ot o 
flof?tro<1 t«*G|>oratf3r0 (30® or ^'ith (SO ssl) t iav iag a 
coastHBt &OC1I0 ©trsiJftttJ for nifcott ©otnls nna 0,03 for 
ollfali«3 onrttQ) Oil justed tsf od^isp; tlie 0p**fOE)rioto os^ oont of 
solution* the glialila.t tif^a for olifalt r^tfjls itb© 3 fioiare 
ati^  for slk-Hliaa of^rtlis imtv&* f b f Had ) qik!' S - S ) toofi In 
ttjr? llf|ti4<1 tjy flATcf^ioto-'atry, 
^fjile tilt? alfi^ilion e.irtbfi 'V'ATb tissitif 
a fMiliitltiit n tltn^at. Uydroriiii ia»8 
fey tltrntlnc: «f fin»t « finOn solution. 
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M m t s AW Pimsoa^im 
figures 1.1 imnent^ the low Qxohmwts 
onutlitiriiira for »»itlilrt J hours for 
hath for^nrfl rm^-^r^i* f'tto^iftsts. ifomwr ttfo sittuitttitt 
^4ffersnt for nllrnlinif aartrm {I'iiftiresi f^ H'l In tha 
fortiartl vrooass, Hgflf VHCI) ©f^ Hlhr4tisi wiss attatnofi iti 
3 hours* CftCiXMKl) ofiaill^t^lttt'i lo 2 fjour® 50 itiloutes, 
eiioitlt>ri«?^ In 2 hows aafl VmtllUntt) emtUMtm 
in I tJoar 30 rAmites, lo t!io tt&mr&e prooess, tJo^aver, tfia 
erpllfhrlari ooarlF ^ tioiira lo e l l onsa®. Therefore!, 
fife tt^ '^o for tt'io f0rr:jr<1 ^et't otgj 3 Iso'iira 
tfiat for ftlio rcvoreo proooss a® h t:oaF0 for cit oQaillfjratr:? 
atii'^ tjff® of nlkalioo eortbs, 
fhc* itttBmction in tlio systcnn m s too e'lef^rit^ei 
SIS folloitas 
« l i « r « tlitf 1}«irr»(l I ^ I I O I M rerrct^f^nt th& eqitiVrtlaM oomieiitration 
of th« ion eonotmed io tt>« •wshirmfer pliam in th« 
solution phii9o« M r0i^r««9nifl tti« atotiil ions tt tt^e 
by<Sroft«a ions. 
The mt ionic fr«otlonsi fXx, iiaa of tht 
ootiat«r ion« in tfto «i«oh2<aie«r ptici««!» and the; oormw^^n^inK 
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tji \ 
cr (U e 
TJ (U CP c (0 
o X 
QJ 
C O •H 
m 
o -p 
c; m 
o e c 
- - K(l)-H(l) 
Na(l)-H(l) 
TIME ( h r s ) 
FIG.3.1 PLOTS OF THE AMOUNT EXCHANGEDOF NA(I) AND K(I) 
WITH H(I} VERSUS TIME ON ANTIMONY(V) ARSENOPHOS-
PHATE. 
cn \ cr <u B 
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0-08-
CP c fO Xi o X 0) 
c 
o •H 
33, 
M-l 0 
-M 
C 
1 < 
0-06 
0-0^- H ( I ) -Nad ) 
H ( l ) -K (I) 
TIME ( h r s ) 
F I G . 3 . 2 . PLOTS OF THE AMOUNT EXCHANGED OF H ( l ) WITH N a ( I ) 
AND K ( I ) VERSUS T IME ON ANTIMONY(V) ARSENOPHOSPHATE, 
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cr> 
CP (I) e 
XS <u 
c (0 0.08 x: 0 X Q) 
C O 0.06 •H 
'—^ 
HH 
H 0.0^ 
s 
0 
-p 0-02 c D 0 
s c 
— C a ( I I ) - H ( l ) 
- o - Mg(II)-H(l} 
—o- Sr(ll)-H(l) 
-•X— Ba(ll)- H(l) 
TIME ( h r s ) 
F I G . 3 . 3 PLOTS OF THE AMOUNT EXCHANGED OF M g ( I I ) , C a ( I I ) , 
S r ( I I ) a n d B a ( I I ) WITH H ( I ) VERSUS T IME ON 
ANTIMONY(V) - ARSENOPHOSPHATE. 
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Cr> \ 
01 <U E 
TJ (U Cn C (C 
o X Q) 
C O •H 
EC 
m o 
c 3 O 
0-08 h 
0 - 0 6 -
-
0 - 0 2 h 
H(I)- Mg(ll) 
H(l)- Cad!) 
H(l)- Sr(ll) 
H(I)- Ba(Il) 
3 
TIME ( h r s ) 
F I G . 3 . 4 . PLOTS OF THE AMOUNT EXCHANGED OF H ( I ) WITH M g ( I I ) 
C a d i ) , S r ( I I ) a n d B a ( I I ) VERSUS TIME ON ANTIMONY(V) 
ARSENOPHOSPHATE. 
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irattt«« in BotttUati itn't were c»loulat«t» liy tlu* 
0Ttpr0m«ionmt 
t? ^ C 
ta % ©Ilfl ffl 
11 0 
«!iaro G Odd C3 nro t*:© total clsctrolyt© coocmitratJloo© its tUa 
soli f m& soliitlioM pfu'ses rcsfectivels^. 
sopamtioa factor oeloalate^* h j tlao 
follo^tog cspresslom 
M K 
• • < 2 > 
TJi« fi0l{*otlvity coefticlSiJt H ^ ) uns orlool;?te«1 (21} 
tl'ta |riir»ifi tjulov, nnrnf^inr tta r i t l a o'^ ' tne 
..'Ctivity &0mftielmt in th^i flllutrt wltifidti to t?a imity (22) 
K e 
X .11J 
n 
( for ualViU^mt mtot ions) 
. . • 
art<f L^fJ 
8 
tt 
( F o r b i v n l e n t r e n t a l im») 
• • • m 
t a tf»« r o v 9 r « 0 « t « f l l e » thjs W ; io i l 5? a r e 
i f i t « r eh« f i ned i n t h « bxi r « 8 « 4 o o 8 » T h e v a r l o u s s v a t u ^ s 
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at 50 and 50 0 aro mtmmriatd In to 3,12, 
and the dxebaiigft i«otti«mB ar « itiova in tiguva 5*5 to 
Xt Ifl evident tr^m ttieee figures (5* 9 ao^ 5*6) that ttie 
naeorptlon i s greater at a tiigher ietsperetare e preferenoe 
to tlie lt(I) ions for altcati n}etat«I!(X) eamtiaiiges* For alicaliiie 
eartfis the adeorptlon i s nearly sinllar for a l l metal ions 
(Figures 3«7 and 5*8)• Xt i s aapportedi by the values of tbe 
separation faotora aaci seleotivitF ooefl^oients ( faMes 5.1 to 
3,10 and Figures to 
Sifioa i t la an ion eiEOtiange prooeaa, ttio ttiarmofSynaQlo 
oqallibrincs eonstants i»ero otrtained froo tt»e relation 
t 
In K • f S -^ • 
e 
lo K;, . . , (3) 
irliere and are the valenolea of ttie ootopetlng ions, ttie 
integral8 were evalonted fro^a the areas onder the ottrves of 
Fi|!;ure8 3«9 to 3* 18 nsin{» trapexoidcl rule (24)• The resultant 
K Taluee nro given in Tahles 3»13 to 3«16. A ooraparison of 
the K valaee for the different exohangee stndied, shows the 
following ssquonoe of seleotivity at lioth the teiAperatares 
(30* and 50*C). 
w a d ) < K ( X ) < F lg ( I I )<Ba (XX) <Ca ( IX ) < S r ( X I ) 
(at 30* and 50*C) 
The standard free energies of sxohnnge ( A G * ) for the 
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t 
VALCiiS or Tllfe lONiU .MnTtu i^ i SCtum ANT> 
At 30* AKP 50*0 yuf? rnn N«(I)»H(I) 
u,JBauAmis im \mimmivi ^mmi^ 
iupr m 
So, 
t t 
lop \ 
I t ^n'b 
t. 0.09 o.ni 6.69 
2. 0 . 1 5 0,02 
0 ,21 o.o^ 0.7a 
0.S5 0.D5 ojn 6.27 6 .27 
O.Cf? 0.01 5.07 9.07 0.70 
6. 0.67 0.S5 
7 . O.GS 0.75 un f .73 0 . 9 1 
8, 0 , 1 7 O.Cj6 t.f?t 
0.65 0.65 
to. O.GC) 
H. 
J . O.lt 0.^5 
2. n . i i 0.01 o.»o 1 7 . 1 7 I 7 . t 7 n'?3 
1 . 0,22 0 .01 0.77 o.n6 1 .01 
0 . 2 ? 0.05 0.72 o.a* 6.35 6.35 
9. 0.34 0.07 0.65 6.%% 6.4% n .s i 
6. 0 . 1 3 0.6% 3.55 3 .55 0.55 
7 . 0.36 0.23 0.76 t.93 1 ,03 0.29 
0.38 0.6I 0.67 1 .2* f.24 O.Oq 
'J. 0.3« o.6t 0.91 0.69 - 0 . 1 5 
10. 0,ht o.bi o.lii 
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VALOaS OF YHlr. E^lVAfcilNt l-'lt^ mTIONiiS^  VACmUn AMT) 
. m K c n v m ggsrKiciftNTH Af 30* ttii^  ic(A)ai(i ) 
gtCH f^KiE OM AHTl^ lllNlfCV) AliS&mi^^gt-ikUti O^ Vl'M i^ iUtOi^ lCptitt 
JJl ^ • t t 1 
tm \ 
J^t 30 cs 
n 0.09 G.9B <I7.5!0 i.m 
2, 0,01 o.m 0.9s t.67 
O.Dt 0.03 0.97 21.76 m i 
4. 0.1*6 0,73 ^>.55 0.53 0.Q7 
5. 0.07 0.70 0,92 5.79 0.76 
o . i j 0,B9 0.6% 
0,% 0,15 
0.2s 0,7? e,70 
0.35 0.55 0,6% 0.16 
10. O.j^ 0.52 0.55 O.05 -0,02 
1. O.fW? fl.fll ni.no 01,00 
I?. 0. tn 0.05 0,S| 0,96 76,% 76.<?6 
0.25 o.m 0.7* 0.93 22, W no 1.16 
%. o.-si 0.0% 0.^3 
5. O.OJ 0,6% 9,96 «l.«6 0,^9 
6. 0.38 0.10 0.61 0,73 
7. 0,15 0,61 0.87 %.76 %.76 0.67 
0. 20 o.7« 3.87 2,87 0,%5 
0.3*5 0.52 0,6% 1,64 1,61 o.to 
10. 0.%9 O.M 0.31 0,55 !.17 1.17 
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xt 50*^go 's . :h ip .THU 
SI. 
NO. a m 
o< n 
e 
o 
t. 0,70 fi.m 0.C9 2.f>3 OAO 
s. o,m 0.S6 o.sa 0.67 
0.^7 0.12 S.es G.7G 
o.on 0.60 C,07 C.30 8.03 o.no 
9. 0.6*1 O.GS c.q-n 
G. 0.95 O.Gfj o,m 0.33 9.01 
7. a, C.fT) n.79 
0.17 0.02 0.^7 2.GS 
O.fm 1.56 f . % 
Sft. 0.17 
t. 0.77 n.70 
O.IS iO.fvg 
0.15 
k. f>,86 0.66 0.13 
0,02 0.7% n.n? f>.2*j 
6. 0.0-5 0.S2 0.06 0,17 
7. o.aB 0.05 l . l t 2.12 5.32 0.36 
n.'n 0.02 0 .% 2.26 0.35 
O.fJS n.f>t n.oi P.^ J? 
to. 0.98 0.01 n.oi 2.0t 2.01 n.30 
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VAtUftS OF THE EtjUIVALaKT AON rttACTlQ i^S, S^ i'AHA'ilO!-^  rACTUHS hmi 
3>f;LHaTiyi'r'y ouu-'riaiiiXi":; at 50" ax^* 90*0 fm rm H(i)^KU) 
^jamAiGii m mtAmmtV^^ Au^aami^m'&^-mu smmih, ^n-mm 
tiu. r. 
SU 
t t » t 
I^C 
( 
0 
-( -It^ iijti-rJ-i*! ••V^" 
t 
l o r 
1. O.l-) o . i e O.SCJ 0.«7 1.7S t,7G 0,23 
2. O.Cl 0.13 0,70 1,14 t . t 4 0.«7 
0,35 0.33 0,6% 0,6S a, SO 2,50 0.17 
0.35 0 ,5 t 0,64 t,G4 
5. 0,fi8 0.^1 0.5s 0.5s 1.33 o.se 
6. 0.53 0,40 0.46 a, f,C3 
7. 0.61 0.3^ OJiO S.O i^ o.nr? 
9 . 0,02 0.01 0,37 1,02 um o,n2 
0.77 0.75 0.22 1.06 J . f ^ 0.02 
10. o,vi 0.15 
At 50% 
0.G7 0,07 -0,17 
1. 0,21 0,1 r> A 00 i.., 0 nn 0,34 
2. 0.27 0.15 n,72 ;%m P,Ot> 
o,so 0.63 0,70 2.10 0.34 
0,3^ 0,31 0,66 1.03 0,2^ 
5. o . i o o.-io 1.40 a,'10 0,14 
6. 0,5t 0,«i0 1.30 0,14 
7. 0.63 0,36 0.41 I.IB 0.07 
«. 0.63 0,60 0,36 1.13 0.06 
0.77 o,7« 0,22 0,!.>3 1.16 f,16 0,06 
10. O.SI o .w o.ts 0,10 0,4S 0,48 -0,31 
89 
VALDUS Ot tm-» iQhlC IHACtluNfci, fACroitt? AKt^  
S«l.?iQTXVlTY coivmci At 30* AW 50*C nMt ^ ( l l M C l ) 
BSaiM^g OM ,A»ifiHyHY(Vj HATi-. CAflaX i^ XtflUMfiiiJl 
^tJ. % 
• f t t t 
X lor^ 
* 
lor 
C^G 
S. 0.03 0.13 o.ao 0.2% 0.15 -0.66 
G. 0,0% 0,73 0,14 1,03 -0,09 
5. 0.0% 0.05 0,60 o.m 0.%7 -1.3S 
0.05 0.5S 0.%8 0.05 0,36 - i .57 
0.06 0.55 0.95 O.C% 0.23 -1.63 
6. 0.O7 0.63 0.02 0.S6 0,03 0,07 - o . i o 
7. 0.07 0.70 0.92 0.S7 0,03 0,09 
S. 0.07 0.7^ 0.9B 0.29 0.02 0,07 
O.OS? 0.«}G 0.«?l 0. i j 0.01 0,01 -2.80 
f),tO 0.8% (\m 0.15 
At 50^ 
0.01 C.OB 
t. 0.0% 0.1% 0.05 o.e3 2.03 -0,60 
2. 0.09 0.31 o,q% 0.6S 0,11 0,76 •1,11 
0.05 0.41 0.5fi 0,07 0,%5 -1,3% 
^ • 0.05 0.5* 0,0% n.%5 0.0% 0,10 - t .70 
Tr « 0.05 0.50 o.«»% 0.%0 0,0% n.l5 
w* 0.06 0.65 0.Q3 0.05 0.12 
f • 0.07 0.71 0.<12 0.2« 0.01 0,10 -1.98 
s. O.Ofi 0.78 0.01 0.21 0.02 0.05 -2.2% 
0.09 o.«i6 0.00 0.11 0.01 0,02 -2.6% 
to. 0.12 0,»6 0.87 0.13 0.02 0,03 -2.%6 
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VALUES Oi- nu^ t:.itOIVALdXl l O K l C rflACTlUN^.^ SEr.4KAtlOK ! AGTQTIS ANH 
AT O^** .mr 50*u FO,K THK caCii. M I ( I ) 
irstmsmis-©Si'-WIMaSYCV J stXCKATaiiR 
i 
SI. 
• 
'Ca 
t t t 
/Ca 
* 
' Itif I^ B 
i . 0.03 0.03 0.9a 0.96 I.Ofi t,m •0,02 
s. O. iS 0.5i7 0,31 .0 , 50 
C.05 0.S9 0.03 o.so O.lB 0.0% -0,61 
k. 0^07 0.87 0.02 0.82 0.22 0.20 -0,60 
O.CB 0 .37 0 . 9 i 0.6S 0.16 «0.05 
0. O.CK) 0 , ^2 O.OO 0 .90 0,13 0.08 - 3 . 0 3 
7 . C.nq 0 ,50 0.00 0.49 0 ,10 C.05 - 1 . 2 6 
'5. 0.09 0.5.t 0.90 O.^iS O.CD 0 .03 
0,10 0.01 0,»0 0.58 o,C7 0.03 - 1 . 5 0 
0 ,61 0.97 
^ t 50*U 
0.09 0.0% 
1. 0.02 0 .^7 o.ne 0.75 0.7% 
2, 0,0% 0.05 0,09 O.Q* O.fifi 0.R7 «0,06 
3. 0,05 O.JO 0,0% 0.89 0.%6 0.%3 
0,06 0.15 0.<»3 0.86 0,%! 
5. 0.07 0.20 0.79 o.3t 0.26 -0 ,56 
6. o.oe 0,27 0.QI 0.72 o,i'5 0.19 -0,71 
o,o«? 0.5s o.nn 0.61 o , t 6 0,11 -0.09 
0,00 O.Ufi 0.00 0.53 o.in 0.07 -1.13 
n. o,o«? 0,11 0,00 O.itS 0,10 O.O9 -1.25 
10, 0,12 0,«50 n.ft7 0.%9 0.13 0.07 
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TABLE>3.7 
VALtISS m tii^UlVALuHl iuMXC FRACtiOXS. 5Ei'AUATX0M lACTURS AMI^  
s&titQ'nvit^  Av 50* AUTi FOH nm sr(ii>»i!(i) 
OH wrr!©iiY{V) AKSto i^'^ ioiiiiiiVi'ii a-ATitiN i&miAmkm 
K \r % c^r lof K^ 
© 
M 30 a 
1 . 0,02 0.03 0.97 G.06 0 .70 0.69 
0 • 0.03 0.95 0.06 i .SO J .10 
% O.OG 0.96 0.03 O.SS. 0.27 . 0 . 5 6 
0 .10 0.06 0.S7 o .ca O.gft "O.GS 
0 . 0.05 0 ,33 0.30 
6 . O.iR O.BS 0.07 0.2#i -0.61 
7 . 0,0a o.e^i O.03 0.75 o . a t 0.17 «0.75 
3 . 0.08 0.73 o.es 0 .2 t 
o , t o 0, pfj 0 .89 0.70 0.26 0 .21 
t o . o.tt 0.67 0.27 0 . - 0 . 6 8 
\ t 50*G 
0,01 0.02 0.07 0.68 0.67 «0.17 
2. 0.0^ 0.0% 0.*)9 0.83 0.83 - 0 . 0 8 
3 . Q^Ok 0.06 0.59 0.57 -0.2% 
o.m 0.11 0 .95 O.SS 0.35 0.30 - 0 . 5 2 
5. 0.06 0. 1% 0.03 0.S5 0.39 0.35 
6. 0.06 0.16 0.03 0.83 0.3'5 0.20 - 0 . 5 5 
7. 0,08 0.2% 0.91 0.75 0.26 o.i»t -0 . 6§ 
0.08 0.25 O.q i 0 .7* 0.26 0.2I» -0.66 
0.09 0.20 o.^^o 0.70 0.25 O.IO -0,72 
10. 0.11 0.5? 0.67 0.26 0.20 -0.70 
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VALUES tfF 'ma. iUXlg l-JiiaTlQ^a, SiwrAHAT'toK fAd'yilS .^ Nf; 
-igLamvxTY AT^^O* 5n*u m^i 'im BaCiiWH(i) 
Mil. 
t t t f 
%r > « 
t 
lOK 
' t 
t . 0 .02 f j ,03 0.9? 0.96 0.72 0.7S 
n 0.03 n .40 C.89 G.3 i 
0.0% O.Sf? 0.16 
fi. O.WJ O.fO e .07 - 0 . 1 5 
0,03 0.39 0.9% (3. GO o .os 
6. 0.05 0.S6 O.OB 0.0% 
7. n.O i 0.09 0.05 
o.o::; 
o. f io 
t o . 
t 50*0 
O . f ^ o . n : 
1. n.«Ct i . 6 7 
2, o . fH 
D.76 f^.lf) n . l 6 
0.06 0.13 - 1 . 0 1 
5 . 11 n.07 - t . n 
i\m n . t i i 0 .55 t f 1 0.06 - t . 1 9 
7. n .n t 0 .50 O.fKJ ft .o5 - 1 . 3 0 
o.oo n.oe - 1 . 3 7 
' I . n . lO 0.61 n.38 f j .o? -1 .56 
10, 0 . 1 ! ''>.61 rf.38 o.()7 0 .0^ 
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:;L>:vartvfrY jo c ryn i iu tiji 
m 
-TT 
- l . 
t -1"— 
•• 
^ T ' - — r < » 
™ ™ 
lor I C q 
18 tcr^ 
o 
tt 10 a 
I . 0.05 o.so 0.79 O.l'l f , n 
e. 0,06 0.85 0.75 %m -o.ill 
O.SfJ 0.26 0.73 O.GO 6.10 -0.20 
0.9^ 0.7S 0.33 e.07 -0.6^ 
5. 0.2S 0.67 0.7t 0.38 0. IB 0.65 
6. 0.37 0.01 o.6e o,m 0.09 0.07 -S . fJ 
7. 0.92 0.60 C.07 0.05 o . r « -D.m 
S. o.oe 0.5^ 0.07 0.09 0.07 
9. n.%3 0 .% o.oc 0.09 0.06 
to. n.qj! 0.07 
xt 
1. 0,08 o.tn 0.91 O.f.l 0.5a %38 -O.ii? 
2. n.25 0.76 0.69 0.59 5.12 
% f>.27 0.92 -0.51 
0.56 o.7i o.iSiJ 1.62 
5. 0.2S 0.71 0.38 -l .Oq 
6. 0.20 0.80 0.70 0.1<l 0.10 0,2s 
7. O.Rt 0.60 0,18 0.!9 - n i l 
9. 0.%0 0.88 0. !1 0.08 0.19 -1.82 
0.96 0.09 0.09 0.09 
10. 0.90 0.09 0.06 0.07 -2.18 
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, I . . I I . , , I. l l I l | , , » , l . l 
ST:T: . . IM I V N Y O J I - I U A I U X F ^ S A P 3 0 * 5 N * C Ton H L . 
• 
M, 
" r « • 
IT \ K to-®' lor % 
a. 0.03 C3.40 0 ,% 0.C4 
0.14 0.85 0.41 0,11 5.50 -1,26 
0.28 0.2^ C.74 
o.e? 0.79 0.77 O.fK^ 
9. fi.r^ 0.75 0,15 0,06 t.20 
6. O.BO 0.75 0,10 o.m 0,50 
7. o.m <5,74 0.S7 - r . % 
O.fKj 0,14 
o .w 0.67 0.03 0.03 -3.51 
o.Gi C,OL» 0.ti7 
1. n,06 n.37 0,62 0.10 6,^0 
2. 0,27 0.66 0.72 o . i i '). 10 -1,06 
0.69 r\2f f 14 
0.36 n.Kii 0.63 ''-.tt 
9. 0.56 0.88 0.65 0,11 0,07 1.15 
6* 0.59 0.91 0,60 0,06 0.05 0,ul 
7. 0,40 0.Q9 0.59 0.0*1 0,04 0,30 -2,52 
0.%0 0,^7 0,02 o,o;» -5.01 
0.%2 o.m 0,57 0,01 0,01 0,02 
10. 0.45 0.56 0,01 0.01 \m 
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VAmas 01' -fTfi^  ION AC i'iiAgYtimfe. FACTonh mp 
SaLtoOTtVlTY 41 50* Am 50*0 fpti fUt, llU ) « S r ( l I ) 
!4!«3i}.\Nii« ON mtmsriv} airjAus 
luir r 
H I . % % ^sr 
t ' ' 1 " •""' " 
lot, 
At 
t. 0.07 0.95 0.0s 0.%9 
s. 0.09 O.C)l 0.17 0 ,3s 
3 . O.W 0.S6 0 .90 0.73 0.20 o.s% - 0 . 6 2 
4 . 0.25 0.33 0.76 O.GO 0.50 0.5% - 0 . 2 6 
f . 0.25 0.%5 0.7% 0.5% 0 .3 t 
6, 0.06 O.^iS 0.73 0 . 5 t 0 .38 0.27 - 0 . 5 7 
7 . o . r 9 0.59 0.70 0,%t o.ns 0 .17 
0.32 0.60 0.67 0 .30 0.01 0.00 .1,02 
0.G5 0.17 O . f l 0.03 
0.51 O . l t 0.03 0.02 
1. f^.fVt 0.05 0.05 0.0% 0.7^ 0.72 -0.1% 
2. O.fl^ 0.90 0.5^0 0.%l 0 .36 -0.%% 
5 . o . m 0.26 o.oo 0.73 0.20 0.2% - 0 . 6 3 
%. 0.2% 0.20 0.75 0 .70 0.7s 0.73 - O . f f 
9 . 0.26 0 .45 o . r » 0.5% 0.12 -0.%7 
6 . 0,27 0.7?? 0.50 0.38 0.87 - 0 . 5 6 
7. 0.50 0.70 O.liO O.SJfi 0. t6 -0.70 
s . 0.69 0,66 0 . 3 t 0 .23 O.tl -0 .95 
0.5% 0.^5 0.65 0.1% 0.02 - 1 . 6 0 
0.17 0.97 0.62 0.12 0.0*^ 0.02 - t . 7% 
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yALCt^ S or Ttte i^ ijUXVAUiNT IQHIC rti/iCTi(iliSy SSIPAttAflOM FACTUR!^  \m 
muvOTiviTif QQiiyriOiAT 50* mn 30'ts fm ftiii iUi)>ii«(ii) 
!i3tCllAir»ti OK .%lfnMONY<V) AUSEWrflOSl'MAtt. CSATXOK Slfcimi^K^ 
SI. 
'Jo. 
» * i 
i * 
T - J — * t « At f i % m lop 
.It 
t. 0.0S 0,ih 0.97 0.89 0.1$ 0.96 -3.02 
0.03 o.m 0.06 0.7B O.lt 0.S6 
0.CI6 0.70 0.S9 S.iO •0,05 
0,06 0.03 0,50 0.00 0.55 
0.0? ©.92 0.47 0.07 
6. 0.07 0.92 0.07 0.37 
7. 0.07 0.56 0.00 0.45 0.05 0.07 -1.96 
0.13 O.BS 0.07 •1.93 
0.12 0.B7 0.27 0.09 0. m 
O.Sf 0.^7 0. J9 
At 90*0 
0.03 0.06 
5. 0.01 O.fW 0.00 0.12 -0.99 
2. 0.0% 0.20 t.73 -0.76 
0.09 ^.27 0,f|% 0.72 0.19 f.t% 
0.05 0.39 0.0% fi.ri% 0.16 -O.ao 
0.46 0.00 0.93 o.m 0.96 
6. 0.09 0.90 fi,<»i n.%0 0.06 0,27 -1.59 
0.0»l 0.67 0.90 0.32 0.09 0.17 -1.79 
a. 0.11 0.79 0.98 0.2% n.0% 0.10 -1.07 
O.l? o.T* 0.97 O.IM) 0.0% 0.08 
fO. 0.15 o.r? o.»6 0.20 O.fMi O.Oq -.2.0% 
97 
o — O at 30 C N a d ) - • H d ) 
— • at 5 0 t N a d ) - H d ) 
A — A at 30°C K ( I ) - H d ) 
k— —A at 50°C K d ) - H d ) 
0 - 6 
Equiva lent ionic f r a c t i o n of meta I ion in 
sol tX M) 
F I G . 3 . 5 . EXCHANGE ISOTHERMS OF THE M a ( I ) - H ( l ) a n d K ( I ) - H ( I ) 
EXCHANGES ON ANTIMONY ( V ) - ARSENOPHOSPHATE AT 30 
AND 5 0 ° C . 
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O Oat 30C H(I ) -Na(I ) 
• Q( 50C H(I)~Na(I) 
kr—A at 30C H ( I ) - K ( I ) 
a OT 50°C H ( I ) - K ( I ) 
Ecuivalont ionic fraction ot H- in 
soi (XH) 
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50°C 
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FIG.3.8 EXCHANGE ISOTHERMS OF THE H ( l ) - M g ( I I ) , H( I ) -Ca ( I I ) 
H ( I ) - S r ( I I ) a n d H ( I ) - B a ( I I ) EXCHANGES^ON 
ANTIMONY(V) ARSENOPHOSPHATE AT 30 a n d 50 C . 
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FIG.3.9. PLOTS OF LOG K VERSUS X FOR NA(I) - H(I) AND 
K(I) - H(I) EXSHANGES ON ANTIMONY (V) ARSENOPHOS-
PHATE AT 30° AND 50°C. 
2 0 
Q O at 30C 
• • ot 50°C MahNod; 
C7> O 
(V O 
a in 
0 - 0 
0 • 1 
OC 0-2 0-4 0.5 0-8 10 _ 1-i 
E q u i v a l e n t l o m c f r o c t i o n of H i n e xc h o n g sr (X H J 
102 
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F I G . 3 . 1 2 . PLOTS OF LOG K c VERSUS X^ FOR H ( l ) - M g ( I I ) , 
H ( I ) - C a ( I I ) , H ( I ) - S r ( I I ) AND H { I ) - 3 a ( l I ) 
EXCHANGES ON ANTIMONY(V) ARSENOPHOSPHATE AT 
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•tAiid^rtl watroi-y ehnog® »us;fis»t tl»«t ^dtist .lod hy<lrop;<m ioats 
looKttly tiouB^ to #sol'f«i^.iir site, t»*cai't ^nClI )»H!fI) 
e»o}»«iir#8 .^ntroiy lsi«flc.it®» e greater iPatJ^ I^ 
hv r^ottvm Interact ton, 
ror an i'lcs-'l solW l .c , tfe© otif^  for tdJleti thor.^ no 
ftiralflcmt tntor.'otioQ t^ fitw.nm toiiB r'O'l t!ic n^ifMKMtrlnr ©Itsw 
I f al l ara ctlllso, sttr^ nOR |l!r»e'3 ncttvity 
oo^ifftol-^at cTii^ t unity* flot-svor, tliarc dgvlntiuns fitr^ 
t^ ia ideality iii t^y (m '^ror' the 
varifttloii id tlio 8@l<jetivlty coaff loiiut mith tBo oor'po»itloo 
of tijo QsisliQunor Gotivity oooffioiontf? of t'n^ -^atni 
niid a(t) tons wero o.^loalnte^l fra's tlia f&llo^itin 
lo \ ^r / to la fo ) 
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1ft f, II \ Ifl \ - y o 
tn ^ f in ) 
tti» v » l t t » » thuii ol)taiatii^ lire talwil itet^ in rt»l)l«« 1.17 to 
the f^ trnlu^s nrw ! « « « unity wt 1>otl» the tim|t#ri»twrft» 
for * la(I ) -H(I ) K ( l ) » fHl ] eamtimiFOR nm ptmemllf inormmf 
%itb ifior«»iiiR« In th<e t^, ir«lii«»8. no^'Bvar for 
C « ( I l ) - n C l ) , SrClI ) nod « » ( i r ) -MfI) thy f ^ vnltinn 
ar « f roo ter tli»m unity for lioth forw^^rtl an*! fi'Varsa prooessoii. 
TAB! E-'S. 17 
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roi? Tm ASP ic(tM?ci) fe-mjif^iis (iM 
n 30*0 
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It 50*C3 
% fnf 
« 
•ii |-|>i 1 • ".Mc-KaMMr 
% 
fh iii^  iv^ MRMifc • T ">•- •. iii, ijf<f'rai..i 1 Tr..tr wm. 
K 0.08 0.17 a.56 0.30 0.1? SO 
2, 0.S5 Q.SS 0.19 O.CB t.^0 
3. 0.81 CI* 00 o . r j 1.07 
o.os 0.00 a.11 ©•G7 o.so 
5. O.lt s.S© 0.3^ 0.22 I.CiS 
0.36 t . io 0.55 0,33 
7. 0.62 0.05 
8. 0.:37 0.S2 0.1S o.m 
0.18 0.65 0.5B MJ 0.65 
10. 0.41 0.53 
1. fl.OQ fl.Ol U37 0.0«> 0.01 1.17 
2. 0.01 n i g 0.18 0.02 1.71 
5. 0.21 0.06 0.25 0.06 1.50 
0.13 t.n 0.11 0.16 1.17 
9. o.fHi n. 11 1 .U 0.15 0. tk 1.17 
6. um o . i » 1.15 
7* 0.36 O/IS O.ii 0.21 1.00 
0.41 0.1J} O.'H 
0.90 0.7% o.in 0.7? 
to. 0.6^ o.si 0.18 0.51 0.6? 
^^Tmm^^T^z exam' 
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At 
ff 
• * « 
- I . % Ir N'O. f > 
fc .n - -Uk.- • ••niS-iir i-Aiw.ii^**:-' •••• -
. 1 
0.7^ 3.66 e.77 t . e7 
s . 0 .71 0.64 S.OI O.Sf 0.30 •1.36 
0.52 
O.QO o,m 5.17 0.86 0.55 0 . % 
5. 
6 . 0.66 6. <10 0.05 0 . 5 s 0.33 
0.70 0.32 
0.71! 1,29 0.09 o.3« 
10. o.7t? 1 .06 O . r t S 0 . 6 ! 0,?t 
EUirMli 
1 . 0. l«i 0.60 1.0B 0.21 l.u 
a. 81 0.76 t.Ot> 0.27 1 . 1 5 
3. f}.7« 1 . 1 0 0.36 1.22 «. 0.71 0.61? i.ei 
5. 1.06 o,%<» 0 .74 1.0% 
6, 1.0% 0.5^  1.03 
7. 0.61 0.93 0.63 0.06 
0.62 0.02 0.63 o.sg o.<i% 
CV.T7 i.m 0.95 0.77 0.83 0.^6 
to. 0.7a Ut9 O.ftO 0.81 1.15 0.6% 
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YAtAii^ or mtimx At ^o* Am 
won tim IIj'jU 1 ) cmjiiMi(I) ^XCHfm&B m 
SI, 
Ko, 
At 
t 
At 50*0 
€ 'H 
1. 0 .05 0.96 0.04 0 .05 
0.0% 0 .01 tS.55 ©.OS 
0.0% 0.S7 0.05 GO. t o O.o i 
0 .05 O.S^ s 0.05 0.©5 
3. O.OS 0.SS o .os GO.9% O.Bt 
6. 0 .07 m.m 0 .73 0.06 
0 .07 0 .71 0 .07 70,80 0.75 
0 .07 '52.66 0 .62 0 .67 
0.0<J Q.50 o,m 5%. SO 0 .60 
10, O.fO 0.63 O.JS 0.59 
1. 0.05 0.99 1 .00 0 .02 U53 0.99 
2. 0.0% "5,02 0.95 0.0% 1.15 0,99 
3. 0.06 I . 7% 0.92 0 .05 0.95 
0.07 0,8<| O.Oli IV 26 
5. 0.0« 7.19 0.85 0.07 1.57 0,91 
6. 0.CI9 9.11 0.811 O.OB 0.87 
7. O.OQ 0.76 O.OQ 0.8? 
i . o.on 1%.%5 0,76 O.fW 10.52 O.TB 
0,10 25.49 0.71 o . w 15.45 0.76 
10. 0,13 0.69 0.J2 9.75 0,79 
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Qi vm ^ctiyin ay 30* j^n 50*0 
ipgn tTiii. s rCtp^Hd ) A y i i « ( n M ( i ) laamnutiS on 
mffimmiv} mmm^mmm^i^^ masm a^mmm^M 
At 
£ •E 
a.oa f.45 M9 0.01 
0.03 i . i© 0.03 t.SO 
3. 0,03 0 .% 0.0% 0.59 f.OD 
0.03 3.93 0.0% 
9. 0.05 1.SS 0,0% Ol.f^ 0.66 0.fi5 
6. C.fTi OM 
7. o.m ^f.rs 
0.08 o.e^ 0.(58 
0.10 o.m 
10. r . i i h.m 0.f!% 0.11 '1.22 
t. 0.02 0.03 1,01 
O.fJI 1.1% C.10 
5. 0.0% 6.^ 5 O.fig 0.06 5.67 0.11 
«« 0.05 12.01 O.RS 0 .% 
5. 1S.72 0.07 sa.%7 
6. 0.09 21.5% 0.11 O.OR ILMO O.Sf 
7. o.as 16.%% O.Sfi a,(m 15.6% 0.79 
9. 0.08 21.'>7 0.76 iKm 17.63 0.75 
'J. 0.08 336.11 0.7% 0.10 22.97 0.71 
10. S3. 57 0,71 0.11 f?t.5% 0.70 
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VAtgfeg o r fius, A e f A v i i i f AI ^ci" M N 
ftiR tt'u; » ( l ) » i t g ( i i ) mv t i d M a C U ) aXCfaNeiia ox 
W i m i f f C f ) AHia-mil'JWSt^flATa CAflOS timJILmi^ll 
At 50*(3 At 
t t < 
HI. 
Mo. 
• • 
^ jiUMJUjur -nwitt-utuj -
'n 
H- n Tri' mf M " v-'H- •ff -•• - vigkiCt-
'H 
m hmin.) 
0.G3 0.94 0.09 9.75 0.93 
S. 0,1% o.e3 1.76 0.91 
% 0.20 0.00 0.Q7 2.43 0.73 
0.29 3,23 0.67 0.28 0.60 
5. 0.28 0.50 0.S8 6.03 0.49 
6. 0.57 0.19 0.29 S2,50 0.14 
0.39 ttt.ns 0.16 0.19 0.19 
to. 29 0.34 0.40 IS. 55 0.11 
t»,87 f>. 12 0.43 31.11 0.09 
10, t4.5S 
n ( i ) *c «C i i ) 
1. 0.03 39.62 0.<>2 0.06 12.97 
2, 0.14 14. t5 0.7S 0.27 7.96 0.69 
!}. 0.16 20.9« 0.97 0.34 8.06 0.38 
4. 0.22 21.94 0.47 0.36 9.92 0.29 
9. 0.S4 29.07 0.19 0.36 19.79 0.21 
6. 0.24 93.92 0.28 0.39 JJ3.97 0.11 
7. 0,29 S3.93 0.23 0.40 32.78 0.10 
s. 0.31 107.77 0.19 0.40 64.07 0.06 
9. 0.38 29^.82 0.08 0.42 149.47 0.03 
10. 0.3« 111.05 0,08 0.43 91.93 0.04 
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WBitH or ACYivitr .\t ^o* aw 
mTtmm{¥) CAtim dmmmsm 
SI. 
No, 
• M^iummf !^-- • 
'n 
mthBrtni 
i . S.05 0.98 0.0% t.36 0.99 
Q. 0,(19 0.S8 0.93 0.09 2.5% 0.92 
3. o.r^ 3.66 0.97 0.09 5.70 0.S7 
a.69 0.90 0,2% 1.33 0.99 
5. 0,7% L».33 0.75 
6. O.gs 0.7J 0.127 L*.GO 0.70 
7. 3.65 0.61 0.S9 3.67 0.99 
8. 0.52 5.06 0.48 0.33 0.50 
0.5% 10.15 0.31 0.3% 19.87 o.?7 
10. 0.38 13.63 0.S3 0.37 10.79 0.23 
n(f)-f laCll) 
1. 0.01 10,06 0.97 0.01 0.72 0.98 
S. 0.03 iO.«J3 0.9% 0.0% 5.%8 0,«5 
1. 0.06 8.12 0.91 0.05 L\Bt 0.90 
0.06 15.30 0.85 0.05 9.53 0.91 
9. 0.07 23.21 o.si 0.09 l%.%3 0.82 
6. 0.07 91.3% 0.79 0.08 26. i% 0.79 
7. 0,07 28.30 0.78 0.09 %0.00 0.71 
S. 0.11 a%»70 0.73 0.11 99.93 0.63 
0. 0,12 38.93 0.63 o.ia 65. 0.98 
10. 0.12 84.18 0.56 0.13 61.55 0.56 
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ruTthar, n variation at fj^ mlmn is lit al l tlics 
iitdio;)tin^ a hataragemsits^ in tfi« llifttributioti of ions on 
iinttwooyfV) 'r«0iiorho»i»mt® stirfnca ^ariap. tlm too &xohnme 
process, il'^itar to ttio ot^ti»r» r«i?ort0$1 eftrlior 
fo fttrttior the doviation of thsso liatc^ fOjraiiouK 
ty»f,o'S8 fwor^  Itleality, tli® t^ jKj^ JSfs thaittso^ ljman-io fuoottons for 
systci^ 'js Cfliloiilfjt0f1 "31) fro** osprossioos 
AO® • SI 
An? « -
f j j • In fj. 
htn f, 
o A n « - f A,S« ® ci sa 
^ X 
^lo f, 
• • 
a 
(14 : 
(2e) 
e n ) 
^har® Aff.® ana A s * IIjo e ^ s s s f r «a caorgies, 
ijttthalpiss ond enti^siies of f^txiiig (Tabl«»<-1.23 to 'J. 
I t i® ol^iar fro® tftete tables that the vnlaes of tfee 0ssc«ii» 
f r e j mnrwf ehmne ure n&nntiv& for lioth the fotm f^trfl aai! 
r9V«»r»e • «eh« i f » « of oort imvmna <fitt? 
th® ificreasi? in t»i# of Rowovtr for tho 
C « ( i n - H f l ) , s r f l l ) - n ( l ) m^ C?ifll }«i! (i ) sxchan^eii tbo valu«!i 
of oJJ ar*? S}o«itiv«» for nil r^cMcr»H» tit liotli th« tefsvwrwtares 
sittK i^eif, iii«1lc«tlnf tlwt ttiff hi»t«rof!inioafi ®ixturo8 of 
a « ( i i ) »nC i ) , sr(tiuut) nn(n)-nit) ionn 
daritiK th« «:ieltiinfe »rm lans fttAbte « « ooRip«ri><l to th** T'uro 
lio«olonio forss, Tftff is trua for tfm allcall « « t « l -
Hf i j tiehangtts. 
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mtlialplas ana entro^iM « f miiAng t^T tli« 
MaCD-HCX), K ( l ) ' 4 l { l ) (at 30*0) aa^ Mg(XI )»R(X ) , Oa(XX).B(X), 
8r(XX)-H(X), 8a(XX)-»If(X) (at 50*0 and $0*C> axdiumgaa n f 
nagattva. Hatrever at 50 0 tliaaa Talnaa ara peaitlva for 
! (a(x)-n(x), K(X)-B(X) aseehnngaa. f l i ia toaiaataa a tiigbar 
Hinding atraxigtti of the Ion mijctcira aa oonparad to a singla 
ion* I t ia i s aeeoi^noa iflth ttta woi^a of Hovafy and Ttio^^a 
(27) for tho ion axalianga on the ninaral e l inopti lot l ta ana 
on ttia antinonr si l ieata oation eso!i«iger (3fi»33) for tbe 
©tl^atiQe earth natal a« 
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VAIJPS& or Tiiiu iisafc^ i^^^ i-mii .^ Mbuci^ g^. ant^  aJtttnn tas or 
lanm jok jm W D ts.mvAm^M At yi* Mit> 50*0 
t m 
At C 
S I . A r f A S * % iO"^ Aajf A f l * A f | « 18 10 
MM US 59 m « « 
m mt"^ lis mt"^ J fT^ mi enol"*"^  J JlOl"^ i 
SaCi) 
1. - 0 . 3 3 - O . ^ t -0.13 -e.es -O.06 
2. -0.S5 -2 .S9 -O.OB - 0 . 3 s 0.14 
3 . - S I , 0 7 - 0 . 3 5 ee . s t - 0 . 66 
-S.G7 - 0 , 0 7 - 0 . 5 6 - 0 . 6 2 
• 0 .65 -o.lil - f i .7© 2.95 o.t i 
6 . -0 .65 .B.5% -9.25 -0.70 •2 .77 -0 .06 
7 . - 0 , 5 6 - 7 . 5 5 - 0 . 3 ^ 0 .19 
B. • 0 .57 - l . o t - 0 . 0 1 -0,07 4 .3s 0.13 
9 . -0.17 - 0 . 2 3 0.50 S.68 n.03 
10, -15 .26 0.7% - 0 . 3 5 
1. - 0 . 2 5 -29.3% -0.92 -0.23 0,»?0 
-0.S6 -0.71 k.hl 0.16 
-0.79 -3.77 -0.09 7.54 0.26 
•0,11 -1.11 5.%6 
5. - t ,61 -0.02 -t.22 1.54 o,o« 
5. -t.07 -1.83 -0.03 -.17 0.05 
7. -0.35 -0.08 -t.30 0,03 0.02 
-t.17 - t . 7 3 •0.01 - 1 . 3 2 1.33 0.04 
-0.0s •0,03 - 1 . 3 7 1.70 0,O«5 
10. -0.%3 •0.02 -1.38 0.13 0.02 
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VAUiits Of rute. rHfafc; ^ m u m ^ BwryAtrias ^itsmi'is.B or 
mxi'w roa Tm nii)»Hati) aw «(i)>ic(i) ^xouiicibs ht 30* 90*0 
OS AltPIMOWCV) ABiiJiMOl IIOiiiHAtkw CWION iiXCimHUtiR 
At If) 0 
KO. «s 
m n^t"^ 
ASJ ^ A n ; ; « i < 
i f f l M e C l ) 
1. . l t .75 -0,92 15.7s 0.5^ 
e. -CI.OS -0,99 0.10 
-0.68 -O.CJg 0 . 0 7 
•0.78 -G.03 0.07 
5. «0.7% o.ni t.TB 0.00 
6. a. 0 1 - l . l t 0.0% 
7. -0.80 - 0 . 1 0 - t .os 0.20 0.0% 
o.ot 0.72 o.c^ 
9. -0.79 -t.0% n.os 
10, -0.-5% 0 . 0 1 
p^f u 
- 1 . 3 3 2.33 0.11 
t. -o.ot - 0 . 1 7 
S L M 
0.0% 
2. - 0 . 0 2 0.78 o.og t.17 0.0% 
3. - 0 . 0 6 -1.59 -0.0% t.55 0 . 0 5 
- 0 . 1 9 0.57 0.01 -0.'52 0.09 
9. - 0 . 0 6 o . n o.ot -0.52 0.0% 0 . 0 1 
6. - 0 . 1 2 0.55 0 . 0 2 -0.56 0.5% 0.02 
7. -0.12 0 , 0 0 -0.29 0.3% 0.01 
8. 0.09 0.04 0.30 0.02 
9. -0.12 n . 0 7 -0.3% 0.%8 O.OB 
10. -0.22 1.75 0.06 -0.08 0.99 
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m x m AT poit f m m^ <;a( it ) »H(i ) 
FIIECII-^NTIII^ O^ ' AmimwHv) C A I I O H 
ht 3^1*0 
• 
tt 
Ho, 
AG* Jt to*^ AllJ tR it A s * A l i J Kf 
KJ w&t'^ m ml 
s f i l iD -n f t ) 
0,50 -0.81 -0.79 0.34 -0.2% -0.85 
e. -D.94 -0,B5 
o.ot -2.15 -7.16 
<5.25 -1.97 -0.0% -11.36 -7.20 
o.no -0.91 -5.0? -2.96 
-S I . -3.77 
7. O.tt -3.10 0.69 - l . f S -3.55 
0.17 -5.9n O.IS -S.BO 
0.71 .t%56 0.87 -3.03 .9.G5 
fO. t.aS -7.71 1.80 -9.06 -29.60 
S«| l l ) . l lC l ) 
-0.01 -0.70 -2.30 0.05 -0.70 
2. 0.07 -3.38 - H . 1 7 0.05 -3.88 -12.02 
0.25 -2.55 -8.%5 0.03 -t'.63 -8.15 
0.%8 -3.7i -12.51 0.16 -13.11 
0.32 -5.*8 -18.19 0.10 -5.92 -18.55 
6. 0.15 -5.1^ -17.83 0.18 -5.96 -18.50 
7. 0.01 -%.57 -I5.0i» 0.16 -16.17 
0.10 -2.15 -7.12 0.12 -7.65 
0.29 -13.92 0,0% -%.66 -1%.%3 
fO. 0.60 -5.63 -18.77 0.7% -6.%5 -l»0. t9 
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•ALC£S Of TUti; FBS^ faN.^JIGH^S, iimiAti^Igb AStn hHftjOflMS Ot-
HiUMG At 10* Ami 5o*c mm roc s r ( i i M t ( i ) ^nn it« (n)>>t(i ) 
t 
At 50*0 
n. AB^ IR ' A H * n 
m saol"^  
22L?JlJblLU 
J . 0.0% • 0 . 0 3 0.13 0.03 -0.0% 0.13 
0.05 - 0 . 1 7 0.05 0 .20 0 .65 
o.os - 0 . 0 1 5 .01 0.13 
0.03 - 0 . 3 6 1.22 0.01 ©.%5 
5 . 0.25 - 0 . 3 5 «.e5 0 .07 M3 
6. 0.05 - 0 . 6 3 2.07 0.0% 0.77 f .%1 
7 . o.ie - 0 . 6 5 O.Oi 0.85 2 .70 
8 . - 0 . 3 7 1.3% 0.13 0A2 t.3% 
0.3% -0.%6 1.66 0.17 0.53 t .6S 
10. -0.19 0.76 0.36 0.22 0.79 
1. 0.0% .1.29 -%.29 0.09 -1.S0 -5.79 
2« 0.12 «0.60 -2 . 0 t 0.0% -0.91 
3. 0.17 -0.93 -3.12 o . t i -1.16 - 2 . 6 2 
%. 0.10 «.0.97 -3.23 0.05 - t . 2 2 -3.79 
-1.37 -%.l l -13.09 0.%1 -6.09 -19.98 
1.7% -5.13 0.25 -6.36 -19.70 
7. 0.96 -1.73 -5.98 0.11 -1.96 -6.11 
8. 0.13 -1.36 .%.20 o.%7 -1.56 -%.97 
9. 0.1% -2.3% -7.78 0.36 -2 .73 -8.58 
10. 0.86 -1.07 -3.81 0.05 .1.81 -3.77 
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YAtPiS OF TflE glCKSS FRBg aWEHOIgS, SWTiULPIgS ANB BWTaO>IH Of 
mXlT^ AT 30* Am 50*C FOR fHK H( l ) - t te ( l l ) AHP HCD-O^^^^ 
SXCA^QGS OK Amimmiv) Aasmmi&mmmt CATION SICIIMGB 
At 30*C At 50*C 
T 
SI, 
Ho, 
A c * » 10-^ 
KJ •ol-^ K3 •ol"^ J Boi"^ r * 
A o J * 10-^ 
KJ nol"^ 
A n J 
KJ BOl"^ 
A s ; 
J r ^ 
1, 0,40 -1.78 -6,00 0.69 -4,18 -13.15 
1.81 -2.90 -10,16 1.83 -4.32 -13.94 
3. 0.46 -10.98 -36.38 2.13 -11.27 -35.55 
4. 0.89 -4.29 -16.53 4.19 -3.55 -12.28 
5. 0.04 -0.46 -1.53 7.64 -0.23 -3.09 
6. 3.76 -25.65 -85.89 14.4 -14.S2 -50.34 
1*22 -32.90 -108.98 15.7 -23.20 -76,68 
8. 0.37 -12.92 42,76 28.1 -8.87 -34,30 
9. 1.96 -3.96 -13.71 31.7 -2.49 -17.52 
10. 2.99 -11.63 -39.36 31.9 -7.17 -32,07 
H l ^ H i d l ) 
1. 0.54 -2.62 -8.82 0.08 -%.23 -13.34 
2. 4.05 -9.26 -31.89 6.4 -13.06 -42.41 
3» 0.76 -18.47 -61.20 2.13 -25.28 -78.92 
2.53 -20.42 -68.22 0.79 -25.50 -78.57 
0.75 -20.73 -68.66 0.55 -23.88 -74,10 
o» 0.07 -27.47 -90.68 1.80 -32.10 -99,93 
f m 1.07 -32.96 -109.13 0.51 -38.10 -118,11 
8. 3.58 -30.27 -101.08 0.22 -32.75 -101.46 
9. 0.86 -32.19 -106.52 -7.66 -39.03 -123.20 
to. 5.01 -22,29 -75.21 1.04 -23.87 -74.22 
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nwsm or Ttm iimij^ s^ ritek tsiiTOAU'ifcs Aim or 
mxisc At won ftiE wdKsrCn) mi 
i^ t 10*0 
'1' 
SI. 
^to. 
• 
Ac* s IP 
m ml"^ 
Aii,^  
m laon"^ 
IK 
ml^^ K* 
1 
Ao* « IS ii 
m fsot""^ 
As; 
n i l 5-' HrfSI) 
0.1% -0.9% -3.16 0.07 - t . i s 
8. OAS -1.71 e.%0 -0.98 -1.93 
3. 0.S2 •0.19 -®.73 0.06 -0.S2 -0.78 
t.5% •s.ao -53.05 1.50 -13.07 
CI. 21 -0.66 -0.2% 0.17 •0.76 
-0.6% -2.51 0.8G -0.73 -2.35 
7. 0.5% -0.65 0.27 -0.73 
S. 0.76 -8.17 f.05 
'J. n.97 -6.67 -22.20 0.39 -7.59 -J?3.63 
1.70 -1.55 -5.62 1.69 -1.7% 
? l ( I ) - t la ( l l ) 
i. 0.22 l.%7 0.17 -o.%6 -t.%7 
2. 0.86 -0.07 -3.89 0.67 -1.55 -5.00 
5. 0.7% -0.%6 -1.75 0.23 -0.52 -1.67 
%. 0.7% -%.38 -1%.70 0.05 «%.»S0 -15.18 
5. 0.%8 -1.69 -5.71 0.67 -2.12 -6.77 
6. 0.0% -9.37 0.16 -3.32 -10.52 
7. 0.10 -%.3% -1%.33 0.32 -5.16 -16.07 fi. 1.37 -87.59 0.01 -9.%1 -2f>.69 
9. o.%3 -5.08 -16.69 0.66 -5.77 -18.0H 
JO. 0.11 -1.59 -5.89 0.35 -1.98 -6.03 
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c f! A p T y n » IV 
KIHSTICS OF S?^ HBTAL 1013 S2£C!iAK6S3 0S8 AKfllPliirCV) 
AKSlSNQgnOSyHATS AHB flTAaglPM(IV) AimdWSlhlGAm 
C4TX0N SXCmANG^ aS 
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iimwppcTioit 
Snerfy and •ntropy of sotiTatlon are th« fuodanantBl 
propartlas of a ayatem. Thaaa paranatera are Importfiiit to 
ttiiaeratand tha maohanian of intaractioaa daring admyrption/ 
oxotiange whieb are intermixed in oaaa of «n inorganic ion 
exchanirer. Sarlier stndies nade in thia direction ( i -11) were 
baaed on the old Bt criterion (12) wbich ahould be naeful only 
for an iaotopio exchange procesa. Ifowever in n true ion 
exobange phenotsenon, different mobilitioa (15) of the exchaniring 
ions are involved and hence for such a coae Homst-Planc^ 
equations (14,15) are nore appropriate to obtain the precise 
values of tho various kinetic paremetera (16*81). The present 
chapter suffiniarizea the results of our study on tcinetica of fuetel 
ion exchanirea on the surfQce of inorganic ion exchangers. The 
matricea selected have bean the 0nti®ony(V) arsenophosphate and 
titaniti]»(IV) arsenosilicate cation es^hanpers. Farther, the 
alkali metnls, alkaline earths and transition metfils are the 
three claasea of elements vhich have been studiad here, flevcrrse 
oxehonge phenoavena have also been considered for the purpose of 
oowparing the results with those of the forward process 
occurring on the ion exchange surface. 
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aipamMBNTAL 
AiitltioiiT petrtaehlor&de (SbCl^) used in this iitaay was 
a product of Fluka, Svitxarland and titanlun tetrachloride 
(TICI4) ot>talned from Fluka AC, Chemlsche Fahrle, C!I-94»70 Buolis. 
^hlle dl-sodlun arsenate, trl^sodlun orthophosphate, sodlun 
motasllloote and areanie acid were either of the B.n.R.poote 
(England) or of the S.Herofc (ttarmstadt)* All other reagents 
and ohemlocls of Annla!! f,rade. 
Apparatus 
A water bath Inonhator shalcer having a temperature 
variation of C was used for the equilibrium studies. For 
the quantitative deteralnatloo of Ka ( I ) and K(I ) in solutions, 
a flnme photometer of Systronlos India was used. 
Synthesis of the Ion Saehonge Watarlals 
( a ) Synthesis of antlwonyCv) arsenophosphate 
The Material was sjmtbeslsed (22) by the method as 
described in Chapter-ll. 
(b ) Synthesis of tltanltt«(IY) arsenosilicate 
TltaniuM(IV) arsenosllleate was synthesized and 
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eharaot«rl9B«d as r«port«d aarller (23«2%). Tlia mathod of 
praparation i s also givaa balow for tha saka of imadlata 
rafaranea. 
Equal votuna of tltii»lii« (IV) totraobloride (O.IM), 
arsonio aolA (O.SIf), sodittiii sltlOfita (O.lll) and ffilO^ (IM) vera 
mixad at room tampaititoro with oonstant stirring. Tba raaultant 
gal vas lEQpt ovamigbt for the oo«npi<»tion of tha reactions, 
fhe gal thns formed wns f i l tered, waahed with dwnineralissed 
water (l^ JHf) t i l l pn»5 ®nd dried at HO C in an a i r oven. The 
dried product ( fAS) woa iiessersed in BM^ to obtain small granules 
which were converted to the H^ forra by placing in O.IM HMO^  for 
few hours. The Na^-ion eiohange capacity of this naterial, 
determined by usual oolum ffletbod» was found to be i.26 eeq/dry g. 
Kinetic ttaasureaients 
The ion esichangers were ground and then sieved to obtain 
particles of different mesh sixes (25*50, 50-70, 70*100 and 
100-150), The particles of «ean radi i '^125 (50-70 «esh) 
were used to evaluate various kinetic paraaeters. The rate of 
exchanpte was deteniined by the l iaited bath technique (%) 
as followst 
( i ) OB antiawnyCT) arsenoirtiosiihate cation cachangor 
( a ) For forward process 
Twenty mi l l i l i te r (20 « l ) fraction of the aatal ion 
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MlatUn (O.OIN Nad ) , K(X) and 0.05N C8(II } » S r (n } , 
8 a ( I l ) ) were shatceii vlth 200 «g of the exohaaffer (R^ for* ) in 
•eveml stoppered eonloal ftaska at tbe desired twaperatures 
(20*, 30*, %5* and 60*C • 0.5*0) for different tine intervals. 
(b ) For reverse prooesa 
In tbe reverse process the exotianger was taken in the 
M e t a l form a n d shaken «7ith 20 ml of O.llf in several 
• • 
stopperad conical flasks at the desired teisporatores fSO , , 
• • • . 
H3 and 60 0 ^ 0.5 C) for different time intervals. 
The snpematont llgnid removed inmediately for i ts 
qnantitative analysis. 
( i i ) On titanioii(IV) arsenosllioate 
Twenty mil l i l i ter fractions of the 0.05!f tsetal ion 
eolations Nta(n), F e a u ) , Co (U ) , H i ( I l ) , Cn (n ) , Zn ( I l ) , 
Cd (n ) , H i d l ) and f b i l l ) were itiaken with 200 ng of the 
eachanger in H^ form in several stoppered oonicsil flasks at the 
m m « • • 
desired tenperatures (20 , 50 , 45 and 60 C • 0.5 0) for 
different time intervals. The supernatant lii|ttld was revoved 
iimediately and its netal ion content analyzed quantitatively. 
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•£SDtTS AND DISCUSSIONS 
Klnetle weasurenents havo been nnde on the turfaoe of 
aiitlnoiiy(?) arnenophoopttata utidler the oonditiona favouring a 
Itartlole dlfftt«ion*eontrolteA ion exohange phanom«ttioii for the 
forward aii4 roverae exotimifteB of K( l ) -n<l ) , 
W|?(n)-n(l), C a ( n M ( l ) , S r C l l M d ) ona Ba(I l ) -H<l ) . on 
titafiittn(IV) arsenoallloate, hovever, the kinetics of the 
forward process O O I F has bees studied for the 
Fe ( in> -H { l ) , Co ( I l ) -n ( l ) , N i ( I l ) .H ( I ) , Co ( I l ) .H ( I ) , JSnClI )-.!l(I), 
Cd(Xl ) * l l ( I ) , RgClI )*!!<!> and th(XI)*H(X) esohangas. 
Tho fractional attainment of equitibrltitn 
oatciilatedi by tho equation 
C « the amount of eieohanife ot tine *t' 
the anKiunt of exchange at infinite time 
and the corresponding T wines were oalculated by solving the 
Nemst-Planok equations TheTv<»l«es for different 
Metal ions H<I) exchanges are given in Tables 4.1 to 4,11 at 
four different tenperatures* 
A study of the concentration effect on tha rate of 
eachange at 30 C suggests that the init ia l rate of exchanges 
are proportional to the metal ion oonoantrations below O.OiN 
for alkali nstals, 0.05M for alkaline earths and 0«03M for 
transition netals. The rate of exchange is independent at and 
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T FOK WYD^HFITL AWP HCHAMOTTS OW AIITHIBINRCV| 
i^iiopaosrHAyM catiom «»CHAm«H at oirnman ygnygiuaroitt^ 
AKFGT LAIK^S NIIG HITIKFAL.I 
TILI* T IR«LTT«S AT 
^ J ; 
80*0 30*C %5*e 60*c 
B i l h m i 
O.f 0.06 0.07 0.10 0.18 
1,0 0.09 0.18 0.88 0,35 
i .5 0.13 0.88 0.3i 0.58 
2.0 o.8i 0.27 0.65 
0.27 0.35 0.55 0.85 
3.0 0.32 0.%1 0.75 0.87 
m m n 
0,5 0.01 0.03 0.0% 0.06 
1«0 0.06 0.07 0.09 0.11 
i .5 0.00 0.11 0.15 0.18 
8.0 0.10 0.13 0.17 0.81 
2.5 0.13 0.17 0.85 0.30 
3.0 0.15 0.80 0.89 0.36 
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VAiiiKi roit niD^mti) M mltUrnd) nmxm^s on Aiitiiioiiy(T) 
Ai^sBiogiioiiBm& OAgios jtawaBtcaa m mmwtm yppi iAtHi i f 
ilWSK VA1I008 T W IIBaKVALt 
(iBtA) 
20 C 50 0 %5 0 60 0 
0*9 0,05 0.06 0.09 0.15 
1,0 0.09 O.is 0.18 0.30 
u$ 0,16 0.S3 0.87 0.51 
2.0 0.22 0.29 0.36 0.6i 
2.5 0.25 0.%0 0.%6 0.S5 
3.0 0.31 0.55 1.00 
O.f 0.01 0.03 0.05 0.06 
1.0 O.Of o.ot 0.11 0.06 
1.5 o.os 0.12 0.i6 0*13 
2*0 o. i i 0.1% 0.22 0.16 
S.5 0.15 0.80 0.30 0.2s 
3.0 0.16 0.23 0.33 0.36 
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T nrnts mm Mg(n)>»tt) Am c»fti)*«(i) umumMB on mmmrir) 
CATIOH aioaAiicgE AT tttmisiiT tSIIP8^TUBK« 
rnnM ffcycopfl ftim mEnvAM 
f i n * T v milii** at 
( « i i i ) 
20 C 50 C 0 60 0 
minhm) 
0.5 0.06 o.io 0.16 0.26 
UQ o.t* 0.20 0.30 o.«% 
1.5 0.22 0.20 OM 0.60 
s.o 0.30 0.30 0.58 O.f l 
0.36 0.%6 o.?o 1.12 
O.Ml 0.96 0.86 1.3% 
0.5 0.0% o.os 0,10 0.1% 
i.O 0.10 0.1« 0.20 0.26 
1,5 0.i6 o.ss 0.28 0.38 
S.O 0.20 0.30 0.30 0.50 
2.5 0.8% 0.36 OM 0.62 
3.0 0.30 0.%4 0.56 0.7% 
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T vAUts f w s r f i iw i f t ) Jterin^H^i) MmmiKB on Airr»ioinr(T) 
i^MHOTOOTAfE CAflOH 81BHAIIft»l AT PITOMBIf t g l g g l U T W 
mm mm^ n^ ^was^ 
T * V«LTT«» AT {M) T ' ' 
20 G 50 c %5 0 60 C 
03 0.0% 0.05 0.07 0.10 
t «o 0«08 0.10 o.t% 0.19 
t 3 0.14 0.15 0.20 0.2i 
s.o 0.16 0*22 0.27 0.38 
0.18 0.25 0.33 0.%7 
3.0 0.22 0.32 0.%0 0.57 
0.5 O.OB 0^03 0.0% 0.06 
1,0 0.0% 0.06 0.0ft 0.1% 
1.5 OM 0.09 0*12 0.17 
2«0 0.07 0.12 0.16 0.26 
2,5 0.09 0.1% 0.20 0.29 
3.0 O.lt 0.17 0.25 0.3% 
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T m u i g W)H HDUMGRU) AMP H A ) > f l » A I ) BlBHAIIgiS QM AMTmoMT^Y) 
a,I|«miofho»FHATM cAtxoM it»miiMtB Af ttiFMttiif 
AfT&R mm&aB rm mumm 
» -
f Iwn T « ICT* v« la«s at 
< « i « ) — 
20*c 30*c 45*C 60*c 
mhmdiY 
0.5 0.07 0.15 O.SO 0,85 
1.0 0,15 0.38 0««0 0,50 
0*23 0.43 0 . ^ 0.75 
0.35 0,60 0.7S 1.00 
2,5 0.%8 0.80 1.85 
3.0 0.50 0.95 1.17 1,49 
HaVCaC l l ) 
0.5 0.05 0.10 0.18 0.80 
t .o 0.10 0.15 0.85 0.48 
1.5 0.15 0.85 0.40 0,57 
2.0 O.flO 0.38 0.45 0,75 
8.5 0.87 0.%0 O.iS 0,95 
3.0 0.35 0.48 0.75 1.80 
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T YAICRS fOB n(lUSTill\ MIP HdWBaCm 1ICHMBB8 OH AWfPiOKYfV) 
A]HS^ y«iSy»iATR CATION jftXCHAMCEB AT illFRitaSNT TSMTgaATaaSS 
AFTER VAMOC& flMit IHfEBYALS 
T X 10 vataes at 
<ai» ) • • • ' • ' • SO C 30 C h3 Q CO Q 
HpHf(^l) 
0.5 0»06 o.ie 0.20 0.24 
1,0 0.14 0.22 0.38 0.50 
0*20 0.32 0.56 0.74 
8.0 0,26 0.4% 0.76 1.00 
2.3 0.31 0.5% 0.94 1.2% 
3.0 0.37 0,6k 1.14 1.43 
0.5 0.07 0.10 0.14 O.lt 
1.0 0.19 0.18 o.es 0.3« 
1.5 0.92 O.iS 0«40 0.56 
2.9 O.St 0,3t 0.54 0.76 
2.5 0.36 0.46 0.6$ 0.94 
3.0 0.40 0.36 0.90 1.1% 
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tmhu^kg 
T VALPKS TOlt m n i U U d ) AWO r e f i l l U H f n gXCHAMOKSOW WAWIfmftV) 
AllSi^ llOSIMCATS GATIOK KDCHANGIR Af ttfrg^lbilfl' fEMFgiiAllJUSS 
AfT&l^  yARlOgg f lK i 
Tii8« T v«lao8 at 
;; J ; ? ; ? 
m o 30 0 C 60 0 
0,5 0.01 0,08 0.03 0,05 
uo 0.03 0.0% 0.07 0.09 
i .5 0.05 0.06 0.10 0.15 
0,06 0,09 0.13 0.19 
2.9 O.OS O.lt 0.17 0.8% 
0.15 0.13 0.19 0.89 
i^imhmi) 
0.5 0.08 0.03 0.0% 0.05 
1.0 0.03 0.05 0.06 0.09 
U9 0.05 0.07 oai 0.13 
9*0 0.07 O.Of 0.1% 0.18 
2.5 0.05 0.18 0,17 0.83 
3.0 O.U 0.1% 0.81 0.88 
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T iTAigss PPB e n m U B f t ^ Am T f i ( i i l^ f t ) ^Tssmmiim m txtanip«(iy1 
ARSgwoaiucATB C4fton giOHAWgisH Af iJirntMNT YEMTaiiaftiass 
AtygR yARfOOS CTMS IHfiSSVAtS 
f i w « T v a i n * * a t 
(«4ii) 
20*0 30®C %$*0 60*C 
0.5 o.ot 0.00 0.03 0.06 
0.05 0.0% 0.07 0.10 
0.05 0.07 0.11 0.16 
8.0 0.07 0.09 0.1* 0.J>0 
o.os 0.12 0.10 0.26 
3.0 0.10 0.1% 0.S8 0.38 
UiUMIll 
0,5 0.01 0.01 0.0% 0,03 
1.0 0.03 0.03 0.08 0.10 
0.06 0.07 0.11 0.13 
2.0 0.07 0.11 0.16 0.«1 
2.f 0.0> O.ls 0.20 0.96 
3.0 0.11 0.13 0.2% 0.31 
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T TAUBi yoft Aitp MnittUuH^ fti&ummB on Tt rmimi iv } 
Alt8g«0StIJCAT& CAtlOU AT tfXFr^Ba^iiy TEWEUtmiB 
mm ^ g f f m ^ 
t "' 
f i a t T ir»Io»» « t 
(nlii) 
80*C 30 0 %5*C 60*C 
0,5 0.01 0.02 0.03 0.03 
1.0 0,03 0,0% 0.06 0,09 
t.5 0.0^ 0.06 0.10 0.13 
8*0 0.05 0.07 0,12 o.ia 
2,5 0.07 0,10 0.16 0,22 
3.0 0,08 0,12 
Xn(]il tHU 
0.18 0,27 
0.5 0.01 0.02 0.03 0.0% 
1.0 0.0% 0.05 0.07 O.OB 
1.5 0.05 0,08 0.11 0,1% 
2.0 0.07 0.10 0.12 0.18 
8.5 0.09 0,13 0.17 0.82 
3.0 0,11 0.14 0.19 0.86 
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T VAums roa CA(it^»H(i ) aw ng(jihn(i) umimms oh mmiynjiv) 
Am^ vA«ioua Tim immxvAhB 
filR« 
(tuiii} 
T imlitaft cit 
20*0 
• * • 
30 e %5*C 
t 
60*C 
Mtihmi 
0.5 0.02 0.03 0.05 0.07 
1*0 0.05 o.cs 0,C8 
1.5 0.07 0.08 0.13 0.£1 
2.0 0.09 0.11 0.18 0,£6 
2,5 0.11 0.15 0.S3 0,34 
3.© 0.13 0.18 0.27 0.37 
0,5 0.02 0.03 0.05 0.09 
1.0 0,0% ©.05 O.Of 0.16 
1.5 ©.or 0,09 0.14 0.22 
2.0 o.oa 0.12 0»12 0,32 
2.5 0.12 0.14 0.23 0.40 
3tO 0.1 J 0.18 0.28 0.52 
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T VATItaS TOK PhdtUttl) 8XCHAIICK OW TlTilllHIHav) 
AUSgmSIUOATB CATIOH S«SHA!i6iER Al' ilXHgmaif fSWaBAfTOS 
ACTItR VAMOirS iriMg mgRVAUl 
Tiov T vala«8 at 
(fain) 
2C*e ?O*0 %5*C 60*C 
P b r t l W E d ) 
0,5 o.ot 0.05 0,07 0,10 
4.0 0,05 0,08 0.15 0.20 
1*5 0.09 0.12 o.ai 0.55 
2.0 0.10 0.16 0.27 0.51 
2.5 0.15 0.20 0.5% 0.55 
5.0 0.1« 0.S4 0.%1 0.6% 
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alHiv« ih « « « oonoMtratioiis eoafinting a pnrtiola diffnsloa 
eontrollad phanonenon. In tha ravarae proeasa, tha affaat of 
eonoantmtioii on tha rata of axotimiKa indioataa that at tha 
0 one ant ration ^0 . 1 a partiola f^iffuaion phanonanon la obaorrad 
andt halov thla oonoantration t&a f i l n diffualon phanonanon la 
onra prominant. So natal Ion oonoantratlon, O.OlH for alkali 
netala and O.OHIM for both the alkallna aarth natala ana 
tranaltlon natala vara selected for tho naaBurasBants of a l l 
klnatle paraisatara (forward prooaaa), For tha ravaraa prooeas 
O.IM n ( l ) Ion oonoentratlon waa aalaotad. 
Th© present ayatem toay be oonaldered to follow the 
"Inf inite aolutlon volama* ooniltlon baoause CV ^ C V , where C 
and C are the eietal Ion oonoentratlona In the aolotlon and 
exohanger phases reapeotlvelsr, V and V are the voltnsea of tbeae 
two phases. The Nemat-Plnnok equation oan be solTed with some 
additional aastiMiptlons (25) whloh are valid for Inorgnnlo Ion 
axohaiiKera as the awelllni ehnngea and tha speciflo Interactions 
are not slfnlfloBnt In this ease. As a result, we obtain a 
eouplad Intardlffnslon ooefflelent tha value of whloh 
depend on the relative eoneentratlons of the oounter Ions A and 
• In the exohanger phase (C^ and C^). For tha 
Intardlffusion ooefflolailt aasanes tha value the counter Ion 
A being Init ia l ly praaent In the Ion sMhanger phase. 
The numsrloal results ean be expressed on the basis of 
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Nernat-Plaaok •qaation 1>3r tli« •xplleit approxinatlon (26) 
' ( T ) 
(2) 
whor« T « — y ana iioliillty ratio, oC • -A , the ooeffiolonta 
T)^  ana fi^ ere the diffnsion ooaffloients of counter tons A ATT<! B 
respeotively in the exohanter phase, r^ Is the bead radius and t 
i s the tloe. The three fonotions ), an<S 
aepend upon the osohitity ratio (*=<) and the charge ratio mSL 
of the exchanging ions, thus, they have different expressions 
as given holow. 
( i ) I f the exchanger is taken in the 1(1) forts and the 
exchanging ion is f f ( I ) and for 10, the three 
fUMtions ^ottia he expressed as 
0.57 • 0.43 0,775 
Ca) 
0.260 • 0.782 (b) 
0.165 • 0.177 ( c ) 
( i i ) I f the exchanger i s taken in t h e B ( l ) for* and the 
exchanging ion is N(I1) and for the three 
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fnnotiona hava th« valnatt 
_ . 
® 0.96 . S.O 
t j i O J-T . . . ( f ) 
0.27 • 0.09 
( l i i ) In the reverse process i . e . wtien the ion oxohanp.or i s 
in the metal form and the exchanging ion i s B { l ) , then 
for O.Of^oc.^! til© throe functions « i l l bei 
, (oc) i . . , (K) 
0,550 • 0.65 
- TSe • • • 0.030 • 1.012 oc'^*^ 
V ^ ) - Te? ! • • • ^^^ 
0.00265 • 0.35% c<2««»7» 
S«ch value of ihiive a corresT'onf^ ini>r, value of T 
whieli is obtained lijr solving equation (2) . The plots of y 
versus time ( t ) at the four tsnfieraturas are shovn in 
Figures '«.i to kA for a l l processes on anti«ony(V) arseno-
phosphate an»1 titaniu«i(IV) arsenosilioate cation eMhanKsrs. 
The results are sunmiarised in Tables 4.1 to 4.11. The plots 
of T versus time are the straight lines passing through the 
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H ( I ) - N a ( I ) 
1 2 3 
Tim e (m i n ) rune t fill r-,) 
F I G . 4 . 1 . PLOTS O F T VERSUS T IME FOR N a ( I ) - F I ( I ) , K ( I ) - { I ( I ) 
H ( I ) - N a d ) AND H ( I ) - K ( I ) EXCHANGES ON 
ANTIMONY ( V ) ARSENOPHOSPHATE AT FOUR D I F F E R E N T 
T E M P E R A T U R E S . 
1^8 
^ 0.5 -
1 2 3 
T i m e ( m i n ) 
1 2 3 
Timo (m 1 n ) 
F I G . 4 . 2 PLOTSOF t VERSUS T IME FOR M g ( I I ) - H ( I ) , 
C a ( I I ) - H ( l ) , S r ( I I ) - H ( I ) AND B a ( I I ) - H ( I ) 
EXCHANGES ON ANTIMONY (V ) ARSENOPHOSPHATE AT FOUR 
D I FFERENT TEMPERATURES . 
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2-0 r 
1 . 2 
Time (min) 
H ( I ) - B a ( I I ) 
1 2 3 
T i m « ( m \ n ! 
F I G . 4 . 3 . PLOTS O F T VERSUS T IME FOR H ( I ) - M g ( I I ) , H ( l ) - C a ( l l ) 
H ( I ) - S r ( I I ) a n d H ( l ) - B a ( I I ) EXCHANGES ON 
ANTIMONY (V) ARSENOPHOSPHATE AT FOUR D IFFERENT 
TEMPERATURES . 
0:20 Ci«:30°Ci A:45''C; *:60®C 
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1 2 3 
t (m inu tes ) 
P b ( I I ) 
F I G . 4 . 4 . PLOTS O F T VERSUS TIME FOR T R A N S I T I O N METAL - H ( I ) 
EXCHANGES ON T ITAN IUM ( I V ) A R S E N O S I L I C A T E AT FOUR 
D I F FERENT TEMPERATURES. 
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•riffiii, eonflraliii tho part ie l « diffusion controlled phonomenon 
for m«tnl<-B(l) exohtinios at a metal Ion concentration of O.OIM 
for alkali «etal and 0.05M for alkaline earths and transition 
metals. I t I s true at a 11(1) concentration of O.IM In the 
reverse procoss. 
The slopes (S ) of imrlous Tvsjpsos tl^ no ( t ) plots for 
a l l the metal ions on antlmos^C?) arssnoFhosr^hoto and tltanlam(IV) 
arsenoslllcate cation exchangers are glircn In fahles to 
They are related to as follows! 
K 
s " - 4 • . , (3) 
The valaes of - l o s obtained oslog equation (5 ) plotted 
against ~ are straight lines as shotm In Figures to 4.7 
verifying the validity of the Arrhenlus relations 
The pre-exponentlal constant ^^ obtained by 
extrapolating these l ines and observing the Intercepts at the 
origin. The activation energy (Ka) Is then calculated with the 
help of the equation (k ) , putting the value of at 273*K. 
The entropy of activation ( A S * ) vas obtained by 
imbstltutlng T> Into the following equation t o 
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. 2,72 MP ( ^ j . . . (5) 
irher* A is the ionio Janp distanee (27) taken as 5A*, K is tha 
BottBiRami oottsttrnt f»nA ft is ttra oonstant. T i s taken 
as 273*K, Ttta mluas of the diffusion ooaffieic^nts (T^^), ensrf^y 
of activation (Sa) ana antropr of activation ( A S * ) thus o1itnin«a 
are susRRarised in Tables to ^•17. 
Tbe resttltn stiov (Tabtes and^.ig) that the A 
dleoreasos with tho decrease of the hydrated ionio radii of 
alkali metals and alkaline earths (osoept in the ease of Ba ( I I ) ) , 
This indicates a greater order of exchange, fhe negs i^tive values 
of A s shot^  that the ioQ exohongo proooss is noro feasihle on 
antiiiiony(V) arsenophosphate cation exchanger. A perusal of the 
results of the transition s$etal»E(X) exchanges on titanitt!i!(XV) 
arsenosilicate (Table 4.17) indicates that A S is highest for 
tho Fb ( I l ) - n ( l ) oxohunge. This perhaps is dne to the highest 
nobility of Pb(IX) (60.6) awong the transition metal ions 
studied, as supported by the hifhoat selectivity of the exchanger 
for this «etal ion found earlier (23). Negative values of S 
indicate that the behaviour of titanittin(XV) arseno silicate is 
siMilar to that of 2r(X¥) and Th(XV) phosphosilicate for 
transition metal ions (2i)* 
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swas (s) OF THs VARioPs T vaitscs yiMs Pixwis AT oirrMmHT 
T E W E R A T U R S S FOR I D R V A H O Am FTEVIRSG S X C A « T G S S O F AhKMLl 
M I A H M I L ) OH A M Y I M & N T ( V > A F T ^ Q ^ M M M D C A T I O H GAGIIAHCGR 
Migrating 
Ion 
^ 
Ion present 
in the ion 
•sobanger 
1 
S s 10"^ (see" valnes at 
eo*c • 30 C • G 60 *C 
Na ( I ) H ( l ) 25.0 30.5 55.5 
H(I) s«(i) 17.5 2S.9 3%.5 58.3 
Kd) H( l ) S.5 13.3 18.5 25.0 
H ( l ) Kil) 8.3 11.5 16.6 20.0 
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^ P B S (a) OF THE VARX008 T YgRSPS I t m t>LOTS AT illfraiiSSf 
TgWEttATOBSS row lOBIt'Am* AHII RBYEHSS tSJCSHAMGIitS OF AUEAHMS 
BABfTHS-Pd) OW A!friMONT(V) ABSaMOI'HOSrnAfS CATION aiCHAKGSlt 
Migrating 
ion 
"' 1" 
Ion present 
in tho ion 
oMhanger 
i " 
S s 10-- (boo" values at 
20*C 30 C 
• * 
45 0 60*0 
Hg<U) n<i ) i.50 1.90 2.90 %.50 
n ( i ) Mg<II) 1.75 3.00 3.87 5.00 
C a d i ) H ( I ) uoo 1,50 1.90 2.50 
H ( I ) Ca<Il) 1.00 1.62 2.25 2.87 
8 r ( n ) H<I) 0.85 1.05 1.35 1.91 
H ( I ) S r ( I I ) l.^O 2.20 3.80 5.00 
B « ( I I ) H ( I ) 0.35 0.55 0.80 1.15 
H ( I ) B« (11) 1*40 1.80 2.70 3.80 
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fABLB-%,1% 
SidOPKa ( s ) OF VAnXOVa TV^HSUsi Tim plots AI- mrFtiRaNT 
TSMySfUTOlMS fOH THAHSlTlOM MlSTALS-l! ( I ) B3tCHAWG&8 
OH fl'gANXPK(lV) ABStSHO SILICATE CATIOH jitSCtl^ GtiH 
Higrating 
ion 
t 
ton present 
in the ion 
exobaegor 
f 
s X iO'* (Bee" valaes at 
20*C 30 C 
• • 
%5 C 60*C 
m(n) H ( l ) 7.85 11.36 17.44 
P o d n ) E ( I ) 6,33 Q.35 12.40 16.67 
Co (XI) n(i ) 6,66 8.51 13.33 19.44 
Si ( I I ) n(i ) 5.92 8.91 13.89 18.88 
Oa(n} H( I ) 4.66 6.79 11.21 16.30 
ziidi} H ( l ) 6.00 8.51 11.43 15.36 
Cd(Xl} H( I ) 7.65 10.00 15.67 24.17 
H g ( n ) H ( I ) 7.80 10.33 16.67 28.10 
Vh(ll) H( I ) 8.91 13.81 23.75 37.78 
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10-0 h 
'01 10-6 h 
lO" 
oi o 10-8 
n-2 
• • HID-Nad) 
o O Na(0- H(l) 
A A^ HO)-K(I) 
H(l) 
3-0 3-2 3-Z. 
V^  X 10^  
3-6 3-8 
FIG.4.5. PLOTS OF - Log D^ VERSUS 1/T FOR ALKALI METAL - H(I) 
AND H(I) - ALKALI METAL EXCHANGES ON ANTIMONY(V) -
ARSENOPHOSPHATE. 
157 
H(l)-Mg( l l ) 
M g d D - W d ) 
C a ( l l ) - H ( l ) 
H(lJ-Ca(l(J 
Ba(II)-H(l) 
S r ( l l ) - H ( l ) 
H{l)-Ba(II) 
H ( l ) - Sr(ll) 
F I G . 4 . 6 PLOTS OF - LOG D^ VERSUS 1 / T FOR A L K A L I N E EARTH -
H ( I ) AND H ( I ) - A L K A L I N E EARTH METAL 
ANTIMONY (V) ARSENOPHOSPHATE. 
EXCHANGES ON 
1.18 
- O - M n ( I I ) -
Fe(III) 
-X-Co(II) -
-£rCu(II) -
-Ar-Zn(I I ) -
-Q -Cd ( I I ) -
• H g ( I I ) -
- 9 - P b ( I I ) -
H(I) 
- H(I) 
H(I) 
H(I) 
H(I) 
H(I) 
H(I) 
H(I) 
H(I) 
3-0 3-2 3-4 
)/T°K X 10^  
3-6 
FIG.4.7. PLOTS OF - LOG D„ VERSUS 1/T FOR TRANSITION rl 
METAL - H(I) EXCHANGES ON TITANIUM (IV) -
ARSENOSILICATE. 
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Antimony(V) Arsenatophbsphate as a Thermally Stable Cation 
Exchanger: Selective Adsorption of Alkaline Earth 
and Transition Metal Ions on Its Column 
K. G. VARSHNEY,* A. A. KHAN, and A. R. KHAN 
Chemistry Section, Faculty of Engineering & Technology, Aligarh Muslim University, Aligarh-202001, India 
(Received October 12, 1987) 
A new inorganic ion exchanger based on antimony has been prepared viz. antimony(V) arsenatophosphate, 
which has shown a peculiarly high thermal stability and selectivity for alkaline earth and transition metal ions. 
As a result, its column use has been demonstrated for the separation of mercury from magnesium and zinc and of 
iron from other transiuon metais. A tentative formula has also been proposed for the material, on the basis of its 
chemical analysis and other characterization studies. 
Antinrvony(V) salts have received attention because of 
their exceedingly good reproducible characteristics'"'" 
and analytical potential^'®' as inorganic ion exchangers. 
An t imony (V ) silicate, synthesized in these laborato-
ries,'' has shown excellent stability and ion-exchange 
behavior. Since the mixed salts are found to shov f^ 
enhanced ion exchange properties over the single 
salts®"'®' it is important to study the properties of dou-
ble salts based on antimony. In continuation of our 
such an effort the present paper deals w^ith the synthe-
sis, characterization and column applications of a 
thermally stable phase of the new inorganic ion 
exchanger viz. ant imony(V) arsenatophosphate, excep-
tionally selective for some alkaline earths and transi-
tion metals. 
Experimental 
Reagents. Antimony pentachloride used in this study 
was of the 95% purity obtained from Fluka Switzerland. 
Trisodium orthophosphate and disodium hydrogenarsenate 
were of AnalaR grade (98.5—99%) obtained from B. D. H. 
Poole (England) and E. Merck (Darmstadt) respectively. All 
other reagents and chemicals were also of AnalaR grade. 
Instruments Used. The following instruments were used 
for the various studies: A Philips X-ray diffraction unit with 
Cu^^a target, an Elico (India) pH-meter Model LI-10, a 
Bausch and Lomb Spectronic-20 spectrophotometer, a 
Beckman IR-20 spectrophotometer, a Pye Unicam Model Sp-
2900 atomic absorption spectrophotometer, a Systronics 
(India) flame photometer and a water bath incubator shaker 
with a temperature variation of ±0.5 °C. 
Preparation o( (he Reagent Solutions. A stock solution 
(IM^) of antimony pentachloride (SbCis) was prepared in 4 M 
HCI. Further dilutions to the desired concentration were 
also made by 4 M HCI. Disodium hydrogenarsenate and tri-
sodium phosphate were dissolved directly in demineralized 
water (DMW). 
Synthesis of the Ion E-xchange Material. Various samples 
of antimony(V) arsenatophosphate were prepared by mixing 
0.05 M solutions of SbClj, disodium hydrogenarsenate and 
trisodium orthophosphate in different volume ratios and 
adjusting the pH of the mother liquor at 0 to 1 by adding 
aijucous ammonia wiiii constant stirring. I lir gels thus 
^ lM=lmoldm-3. 
obtained were conditioned for 24 h at room temperature 
before being separated with suction. The excess acid was 
washed off with DMW and the material was dried in an air 
oven at 40 °C before cracking in DMW to obtain granules of 
uniform size suitable for column operation. They were con-
verted into the H+-form by putting in IM HNO3 at least for 
24 h with intermittently replacing the supernatant liquid. 
After washing off the excess acid the material was dried at 
40 °C and passed through different sieves to obtain the var-
ious mesh sized particles. On the basis oi the appearance and 
Na''"-ion exchange capacity (i.e.c.) determined by the column 
process, a sample obtained by mixing the Sb, arsenate and 
phosphate solutions in the volume ratio 3:1:1 was selected 
for all the studies. Its i.e.c. was found to be 2.2 mefl (g dry)"'. 
Chemical Stability. The solubility of antimony(V) arse-
natophosphate in various solvents was determined as given 
below: 
250 mg portions of the material were kept with 25 ml of 
the solvent for 24 h at room temperature with intermittent 
shaking. 5 ml of the supernatant liquid was evaporated to 
dryness and the residue was dissolved in 10 ml DMW. 
Antimony, arsenic and phosphorus were then determined 
separately using the standard methods given below. 
(1) Determination of Antimony. T o the 2 ml portion of 
the above solution were added 1.6 rnl of 18 M H2SO4 and 5 ml 
of KI reagent (11.2 g of KI-f-2 g of ascorbic acid in 100 ml 
water). The colored solution thus obtained was diluted to 
10 ml with water in a standard volumetric flask and the 
absorbance was measured after 2—3 minutes at 420 nm 
against a reagent blank.'" 
(2) Determination of Arsenic. It was done by the 
molybdenum blue method.'^' The reagent solution was 
prepared by mixing 10 ml of solution (1 g ammonium 
molybdate in 100 ml of 2.5M H2SO4) with 1 ml of solution B 
(0.15 g of hydrazine sulfate in 100 ml DMW) and diluting the 
mixture to 100 ml. Fresh reagent solution was prepared 
every time. 10 ml of this reagent solution was added to the 
sample solution (2 ml) and the mixture was heated on a 
steam bath for 15 min. After cooling to the room tempera-
ture, it was transferred to a 25 ml volumetric flask and di-
luted to the mark with DMW. The absorbance was taken at 
840 nm. 
Determination of Phosphorus. A leaspoonful carbon 
black was added to the sample solution 110 ml) followed by 
100 ml of 0.5 M NallCOn- 1 lir (oiitciin of the flask wctc 
shaken for 30 inin on a mechanical shaker and filtered 
through a Whatman No.42 filter paper. 15 ml of the filtrate 
3694 K . G . VARSHNEY, A . A . K H A N , a n d A . R . K H A N [Vol. 61, No. 10 
Table 1. Chemical Stability of Antimony(V) 
.A.rsenatophosphate in Various Solvents 
Amount dissolved in mg 
Solvent (25ml) Antimoav Arsenic Phosphorus 
(Sbi (As) (P) 
IM HNO3 0.58 0.79 0.03 
2M HNOa 0.85 1.7 0.05 
4M HNOa 1.2 1.7 0.06 
IM H a 0.83 1.6 0.05 
2M H Q 1.0 1.8 0.01 
4M H Q 2.3 1.9 0.06 
IM H j S O , 1.2 1.6 0.03 
2M H-SO, 1.3 1.7 0.04 
IM HCIO4 0.58 1.9 0.02 
IM N a N O j 0.00 0.21 0,00 
2M N a N O j 0.23 0.24 0.00 
0.05M X a O H 0.69 0.23 0.01 
O.IM N a O H 1.1 1.7 0.04 
O.IM aq. N H j 1.4 1.5 0.02 
0.5M aq. NH3 1.5 2.2 0.03 
IM CH3COOH 1.5 1.5 0.02 
O.IM K O H 1.4 0.30 0.59 
Amount of the material talcpn= =250 mg. 
JOO'C 400'C eoo'c 
Temp '^C 
Fig. 1. % \vt loss of the exchanger on heating to vari-
ous temperatures. 
was taken in a 25 ml voluraeiiric flask followed by 5 ml of 
uimuouiuin luolvbduit? suluiiotv (1.5 g iui\iuoiuv»n\ mulyb-
date+100 ml of 3.2 M HCl-t-3 ml concd HCl) . The sides of 
the flask were washed with distilled water and the solution 
was shaken thoroughly. I ml of SnCl2 solution (10 g 
SnCi2-2HjO dissolved in 25 ml concd HCi diluted to 1320 
ml with D M W ) was then added to it and the volume was 
made up to the mark. The absorbance was taken at 660 nm, 
against a blank prepared in die similar manner."' Table 1 
summarized the results. 
XlH'rmal StuUilily. Scvorat I g poitioii i of the cxchaiigcr 
were heated at various temperatures in a muffle furnace for 1 
h each, and the i.e.c. was deteimined by the column process 
(i» i i A i i i i l iilift I I I I ILHIH LLICM in KMIIII li'NI|M'iiiliu('. I V i i f n l 
weight loss was also recorded. «he results of which are shown 
in Table 2 and Fig. 1. . 
Charaatrization of the Material. (A) Chemical Compo-
Table 2. Effect of Heating on the Ion Exchange 
Capacity, Weight and Appearance of 
Antimony(V) Arsenatophosphaie 
Heating Percent Percent 
temperature Appearance retention weight 
°C in i.e.c. loss 
45 White 100 0.0 
100 White 100 9.9 
200 Light brown 100 15.5 
400 Light brown 60 16.0 
600 Pale yellow 18.2 25.0 
800 Pale yellow 0.0 25.0 
X a 
• NaCl/NaOH 
4 L lCl/L iOH 
o KCt/KOH 
Oil 0-8 1 2 1 6 2 0 2-4 
Amount of OH~ added/mmol 
Fig. 2. pH titration curve for antimony(V) ar-
senatophosphate. 
2000 1*00 1600 HOC 1200 1000 900 600 
VVavenumber/cm-1 
Fig. 3. Infrared spectra of antimony(\') arsenato-
yihospUiue in 11' luim. 
sition: 500 mg of the exchanger was dissolved in 20 ml 
concd HCl in a beaker by heating. The solution was further 
diluted to 50 ml by adding 4 M HCl. The amounts of anti-
mony, arsenic and phosphorus were determined by the 
methods described above. The determinations were further 
confirmed by atomic absorption spectrophotometry. The 
mole tatio was found to be fi: 1:5 foi Sh, As, aiitl P. 
(B) p H Titrations; 500 mg of the exchanger in H+-form 
was placed in each of the several 250 ml conical flasks, fol-
liivvfil liy ilii' (•(|nliiiiiliii •iiiliiiiiiii'i III iilUiill iiit'iiil I liliiilil''« 
and their hydroxides in diflerent volume ratios, the final 
volume being 50 ml to maintain the ionic strength constant. 
The pH of the solution was recorded after equilibrium 
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(attained on keeping them for overnight) and plotted against 
the milliequivalents of the O H " ions added as shown in Fig. 
2. 
(C) IR and X-Ray Studies: The IR spectrum of the 
cxchnnRrr in II+-foiin Inkcn by llic KRr disc inrlhod and 
is shown in Fig. 3. The X-ray diffraction patterns show the 
amorphous nature of the material. 
Distribution Studies. 250 mg of the exchanger in H+-
form was shaken in an electric shaker at 30±2 °C for 4 h with 
25 ml of the metal solution, adjusting the initial metal ion 
concentration less than 3* of the total ion-exchange capacity 
of the material. The metal ion concentrations in the solu-
tion before and after the equilibrium were determined by the 
standard volumetric methods using EDTA as the titrant.'*' 
The distribution coefficient (A j ) for alknJinc earth and tran-
sition metal ions in DMW, HCIO4, and HNO3 systems are 
summarized in Table 3. 
The following formula was used for the calculation of the 
J^ d values: 
= X ^ m l g - . 
F M 
where 
I — initial volume of the EDTA used, 
F = final volume of the EDTA used, 
V = total volume of the solution (ml), 
M = mass of the exthanger (g). 
Elution Behavior. 250 ml of the various NaNOs solutions 
(0.2, 0.4, 0.5, 0.8, 1.0. 1.2 M) were passed through the several 
columns (i.d. ca. 1 cm), each containing one gram of the 
exchanger in H'^'-form uith a flow rate ca. 0.5 ml min"'. The 
H'''-ion thus eluted out was titrated against a standard 
(O.IM) NaOH solution. Maximum elution was observed 
with a IM NaOH solution. Then, a similar column in 
H^-form was eluted with a IM NaNOs solution and the 
effluent collected in several 10 ml fractions, the total volume 
being again 250 ml. It observed that the majority of the 
H'^'-ion was released in the first 60 ml of the effluent. 
Column Applications. Since the material appears to be 
highly selective for some uransition metals such as Cu, Cd, 
Mn, and Zn, adsorption of these metal ions can be achieved 
on columns from a solution containing several other metal 
ions. Iron and mercury are not adsorbed appreciably and are 
excluded from the column of aniimony(V) arsenatophos-
phate. Thus, the material can be used for exclusion of mer-
cury, a rhirf pnlhilant, from nn luiumus .systrni by a .•simple 
column chromatographic method. Similarly, the method is 
applicable for some separations of analytical importance 
such as Fe(III) from Mn(II), Zn(II), Cu(II), Mg(II ) , Co(II). 
and Ba(II). Table 4 summarized the results of such separa-
tions on a column of i.d. ca. 0.6 cm containing 2 g of the 
50—70 mesh size exchanger beads in H''"-form. 
Results and Discussion 
T h e main feature of this study has been to synthesize 
a chemically and thermally stable cation exchanger 
selective for certain heavy metals. As the results point 
out ant imony(V ) arsenatophosphate appears to have a 
h igh chemical stability in acids and alkalies ( Tab l e 1) 
and ion-exchange behavior. T h e most striking fea-
ture is, however, its extraordinary thermal stability 
(Table 2). It shows its original i.e.c (2.20 meq ( g dry ) " ' ) 
up to 200 °C and then loses slowly retaining 60% on 
heating upto 400 °C and 18% up to 600 °C. It is a pecu-
liar behavior of this exchanger when compared with 
other materials of this class (Fig. 41. 
Chemical analysis of the material points to the fol-
l owing emperical formula: 
(Sb205)3 • HjAsO, • (H3P0,)5 • nHzO 
If it is assumed that whole of the external water is lost 
at 200 °C, then on the basis of the thermal studies 
(Tab le 2) we have the f o l l ow ing expression for the 
number of external water molecules per molecule of 
the material, n 
laoon 
M + I8n 
where x is the percent weight loss at 200 °C and M is 
the molecular weight of the exchanger excluding the 
Table 3. Kd Values of Some Metal Ions on Antimony(V) Arsenatophosphate in 
DMW, HCIO^, and HNO3 Systems 
SI. No. Metal ion 
Kd values 
DMW 0.01 M HCIO4 O.IMHCIO4 O.OIM HNO3 0.1.M HNO: 
1 Nad) 150 55 15 80 34 
2 Kil) 935 225 43 225 62 
3 3880 3800 469 T.A.^' 342 
4 Caai) 1980 1286 940 494 420 
5 Badl) 2900 1400 650 500 400 
6 Snll) 3700 3700 1800 1800 1166 
7 CudI) T.A."> T.A."' 1540 3180 720 
8 Fefll) 202 113 90 126 101 
9 Cdlll) T.A."' 3640 523 1770 434 
10 Pb(II) 1860 684 460 790 684 
11 .Mn(II) T.A.-" T.A."' 672 T .A . " 451 
12 Zndl) T.A.^' 3600 1750 1133 825 
13 Hg(l l ) 400 178 108 78 56 
14 Ni(l l ) 11 nr. 442 375 322 192 
a) •i'.A.= Ioial adsoiptioti. 
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Table 4. Some Binary Separations of Metal Ions Achieved on Antimony(V) 
Arsenaiophosphate Columns 
SI No. Separation 
achieved 
Amount loaded 
Mg 
Amount found 
Mg 
% Error Eluent used 
Volume of 
the eluent 
used/ml 
1 Hg( I I ) -Mg( I I ) 1404 Hg(I I ) 1383 Hg(I I ) -1.4% O.OIM HNO3 100 
268 Mg(I l ) 266 Mg(II) -0.6% IM NH4NO3 50 
2 Hg(I I ) -Zn( l l ) 1404 Hg(I I ) 1393 Hg( I I ) -0.8% O.OIM HNO3 100 
670 Zn(II) 654 Zn(II) -2.4% IM NH4NO3 80 
3 Fe(III)-Mn(II) 408 Fe(III) 402 Fe(IIl) -1,4% O.OIM n c i o * 100 
5:i(l Mn(l l ) S41 Mn(U) -t-0.5% IM NH4NO3 80 
4 Fe(III)-Zn(II) 407 Fe(III) 388 Fe(III) -4.8% O.OIM HCIO4 100 
654 Zn(II) 644 Zn(n) -1.5% IM NH4NO3 100 
5 Fe(III)-Cu(II) 396 Fe(III) 388 Fe(IIl) -2.1% O.OIM HC104 100 
540 Cu(II) 543 Cu(II) +0.6% IM NH4NO3 50 
6 Fe(IH)-Mg(II) 408 Fe(III) 399 Fe(III) -2.0% O.OIM HNO3 100 
249 Mg(II ) 251 Mg(II ) +1.0% IM NH4NO3 80 
7 Fe(III)-Ca(II) 382 Fe(III) 371 Fe(III) -2.9% O.OIM HCIO4 100 
309 Ca(II) 309 Ca(II) 0% IM NH4NO3 80 
8 Fe(III)-Ba(II) 413 Fe(III) 408 Fe(III) -1.4% O.OIM HCIO4 100 
1071 Ba(II) 1078 Ba(II) +0.6% IM NH4NO3 90 
• • AntiMOnytV] oninatD^ hei^ hotff 
TitamumUVI srttnatorho«rh<a(t 
• a Z<rc*niuin(lv) arainolcphDtrhatc 
• Anlimonjrtvl iiUcod 
tinllVlij 
200 400 600 EOD 1000 
Temp/°C 
Fig. 4. Percent retention in the i.e.c. of aniimon>{V) 
arsenaiophosphate and some other ion-exchangers 
on heating. 
external water molecules. It gives the value of n as 16. 
T h e pH-titration curves for alkali metals (Fig. 2) 
illustrate the max imum adsorption for Li"*" ions, 
which is obvious because of its highest hydrated radii 
(Li+(aq,=3 .4 A , N a " aq )=2 .76 A , K + ( a q p 2 . 3 2 A). H o w -
ever, there is no appreciable difference in the adsorp-
tion behavior for Na"*" and K"'". It is also clear from 
the figure that the adsorption is a single step process. 
It is possible because the two acids, H3ASO4 and 
H3PO4 which provide the protogenic sites to the mate-
rial, ionize almost to the same extent (pit^, for 
H3P04=2.15 and pA', for H3As04=2.3) thus releasing 
the H + ions simultaneously. 
Infrared spectrum (Fig. 3) shows the peaks at wave-
numbers 750, 950, 1100. 1200, 1400, 1700, 1750, 1800, 
and 3300 cm'^ representing the S b - 0 stretchings (750), 
arsenate group (950i, pliospiiaic t^iotip (1100 and 1200) 
and the external water molecules (rest peaks) 
respectively.^^' 
T h e most important aspect of an ion-exchange 
material is its analytical applications. Ant imony(V ) 
arsenatophosphate prepared in these studies has 
shown a maximum selectivity for Cu(I I ) , Cd(n), 
Mg( I I ) , Mn( I I ) , and Zn( I I ) and a min imum selectivity 
for Hg ( I I ) , N i ( I I ) , Fe( I I I ) . On the basis of these obser-
vations the f o l l ow ing separations have been success-
ful ly achieved. 
Hg(II )-Mg(II ) , Hg(II)-Zn(II). Fe(III)-Mg(II), 
Fe(III)-Ba(II), Fe(III)-Cu(II), Fe{III)-Zn(II), 
Fe(III)-Mn(II), Fe(III)-Ca(II). 
Tab l e 4 gives the salient features of these separations. 
Thus the material is useful for the separation of mer-
cury f rom magnesium and zinc and of iron f rom mag-
nesium, barium, copper, zinc manganese, and calcium. 
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ABSTRACT 
Titanium ( IV ) arsenosilicate has been synthesized as a new cation exchanger and has been 
characterized on the basis of its chemical composition, ion-exchange behaviour, pH titrations, 
TGA, IR and X-ray studies. On the basis of the distribution studies, the exchanger was found to 
be highly selective for lead and, hence, has been used for the separation of this metal ion from 
some synthetic lead alloys. A kinetic study has also been conducted for the exchange of some heavy 
pollutants. 
INTRODUCTION 
Inorganic ion exchangers have recently been utilized in some novel appli-
cations [ 1-4] such as in the analysis of rocks, minerals and pharmaceuticals. 
The separation of pollutants is important from the point of view of environ-
mental studies. Lead is an important pollutant, the main sources of its poison-
ing being lead joints of cast iron pipes, lead pipes used for connecting plumbing 
fixtures, wash basins, kitchen sinks, lead paints used for painting steel water 
storage tanks and lead compounds used as stabilizers in some plastic pipes. 
This report describes the synthesis and ion-exchange properties of tita-
nium (IV) arsenosilicate cation exchanger which is highly selective for lead. 
This ion exchanger has been further utilized in the separation of this metal 
from its synthetic alloys such as solder, pewter, Wood's metal, Lipowitz alloy, 
Rose's metal and Newton's metal. A kinetic study was also carried out on the 
interaction of this material with some heavy metal pollutants such as Mn (II), 
Fe(III), Co(II), Ni(II) , Cd(II), Zn(II), Hg(II) and Pb(II) , in order to un-
derstand the mechanism of exchange. 
0166-6622/88/$03.50 © 1988 Elsevier Science Publishers B.V. 
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EXPERIMENTAL 
Chemicals 
Titanium tetrachloride used in this study was a product of Fluka AG, Chem-
ische Fabric, CH-9470 Buchs, while sodium metasilicate and arsenic acid were 
obtained from the B.D.H., Poole (England). All other reagents were of Analar 
grade. 
Instruments/apparatus used 
pH measurements were made on an Elico Model LI-10 pH meter (India) 
while IR studies were performed on an IR-20 spectrophotometer. An X-ray 
diffraction unit with a Cu-K„ target was used for X-ray studies and a Cahn 
thermobalance (Model 2050) was used for TGA. A shaking water-bath incu-
bator with a temperature variation of ± 0.5 ° C was used for the equilibrium 
studies. 
Synthesis of titanium(IV) arsenosilicate 
Various samples of titanium (IV) arsenosilicate (TAS) were prepared by 
mixing aqueous solutions of titanium (IV) chloride, arsenic acid and sodium 
silicate at different concentrations and volume ratios. The sample selected for 
detailed study because of its good ion-exchange capacity and chemical stability 
was obtained by the following procedure. 
Solutions of TiCU (0.1 M ) , H3ASO4 (0.2 M ) , Na2Si03'5H20 (0.1 M) and 
HNO3 (1 M) were mixed in equal volume ratios with constant stirring and the 
resultant gel was kept at room temperature (30°C) overnight. It was then 
filtered, washed with demineralized water (DMW) till pH 5, and dried at 40 ° C 
in an air oven. The dried product (TAS) was immersed in DMW to obtain 
small granules which were converted to the H"^  form by placing it in 0.1 M 
HNO3 for few hours. The Na"*" ion-exchange capacity of this sample, deter-
mined by the usual column method, was found to be 1.26 meq/dry g. 
When the slurry obtained as indicated above was refluxed for 100 h in ~ 4 
M HNO3 a crystalline material (TAS*) was obtained as revealed by the X-ray 
studies. However, this new sample possesses a negligible ion-exchange capacity. 
Thermal/chemical stabilities 
Thermal stability was studied by heating 1-g samples of the material at var-
ious temperatures for 1 h in a muffle furnace and then cooling them to room 
temperature. Their ion-exchange capacity was determined by the usual col-
umn procedure as summarized in Table 1. 
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TABLE 1 
Ion-exchange capacity of titanium ( IV ) arsenosilicate after heating to various temperatures 
Drying Time of heating Na"^ ion-exchange % Retention of 
temperature (h) capacity ion-exchange 
( °C ) (meq/dry g ) capacity 
80 1 1.26 100 
200 1 0.90 71 
300 1 0.85 67 
400 1 0.72 57 
600 1 0.05 4 
800 1 0 0 
Chemical stability was determined on 250-mg portions of the sample kept 
in 25 ml of various solvents for 24 h with intermittent shaking. 5 ml of the 
supernatant liquid was evaporated to dryness and redissolved in 25 ml of DMW. 
Titanium, arsenic and silicon were then determined separately by the follow-
ing methods. 
Determination of titanium 
5 ml of the solution was mixed with 0.3 ml of a 30% H2O2 solution and the 
volume was made 25 ml by adding 10% H2SO4 in a volumetric flask. Absor-
bance of the colour was measured at 410 nm against the reagent blank [5] . 
Determination of arsenic 
The molybdenum blue method was employed [ 6 ]. The reagent solution was 
prepared by mixing 10 ml of solution A (1 g ammonium molybdate dissolved 
in 100 ml of 5 N H2SO4) with 1 ml of solution B (0.150 g hydrazine sulphate 
dissolved in 100 ml of DMW) and diluting the mixture to 100 ml. This solution 
was prepared fresh daily. 10 ml of this reagent were added to the sample solu-
tion (5 ml) and the mixture was heated on a steam bath for 15 min. After 
cooling, it was transferred to a 25 ml volumetric flask and diluted upto the 
mark with the reagent solution. The absorbance was read at 850 nm against 
the reagent blank. 
Determination of silicon 
5 ml of the solution was mixed with 0.5 ml of 10% aq. ammonium molybdate 
and 0.1 ml of 50% H2SO4. The solution was diluted upto 25 ml in a volumetric 
flask and the absorbance was read at 420 nm against the reagent blank [7]. 
Table 2 summarizes the results of these chemical analyses. 
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TABLE 1 
Chemical stability of titanium ( IV ) arsenosilicate in various solvents 
Solvent Amount of TAS dissolved 
(25 ml) (mg) 
T i As Si 
DMW 0.00 0.00 0.00 
I M H N O , 14.00 24.00 6.00 
0 .5MHNO, 1.40 0.60 0.06 
IMH2SO4 14.00 12.00 6.00 
O.5MH2SO4 7.00 6.00 3.00 
O.IMH2SO4 1.40 0.60 0.06 
I M H C l 14.00 24.00 6.00 
0.5MHC1 3.50 12.00 3.00 
O. lMHCl 1.40 0.90 0.09 
2MHCIO4 2.03 0.60 0.00 
IMHCIO4 1.40 0.00 0.00 
1 M C H , C 0 0 H 0.00 0.48 0.00 
I M H C O O H 0.00 0.59 0.00 
O. lMNaOH 0.00 0.92 0.30 
O.OSMNaOH 0.00 0.92 0.06 
O . IMKOH 0.31 0.97 0.10 
IMNH4NO3 0.00 0.00 0.11 
I M N a N O , 0.31 ' 0.00 0.12 
Characterization of materials 
Chemical composition 
250 mg of the powdered sample were dissolved in a minimum amount ( ~ 10 
ml) of conc. H2SO4 and the solution was diluted to 100 ml with water. The 
amounts of titanium(IV), arsenic(V) and silicon(IV) were determined by 
standard methods [8,9] which indicated molar ratios of 2:1:3 and 2:1:1 in the 
amorphous and crystalline phases, respectively. Thus, the crystalline form is 
different in chemical composition from the amorphous form. The latter de-
composes on prolonged heating giving 2 mol of insoluble Si02. 
pH titrations 
500 mg of the exchanger (H"^ form) were placed in each of several conical 
flasks containing 50 ml mixtures of the solutions of metal chlorides and their 
corresponding hydroxides in different volume ratios to maintain the ionic 
strength constant. The pH values were recorded at equilibrium which was at-
tained after overnight incubation with intermittent shaking. Figure 1 shows 
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TAS 
TAS'^  
A NOOH/NOCI 
o k o h / k c i 
• L l O H / L i C l 
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Fig. 1. pH titration curves for TAS and TAS* using different titrant systems. 
9 13 17 21 25 
2 8 (Degree ) 
Fig. 2. X-ray diffraction pattern of TAS*. 
the plots of pH versus mmol of OH"" added, for TAS and TAS* using Na-
OH/NaCl, KOH/KCI and LiOH/LiCl systems. 
X-ray, IR and TGA studies 
X-ray diffraction patterns indicated that the sample of TAS is amorphous 
while TAS* is crystalline (Fig. 2) with d values of 9.3015, 7.1320,4.9238,4.5715, 
3.5309, 3.3984, 3.1839, 3.0155, 2.8465, 2.6882 and 2.5902. 
IR and TGA curves are shown in Figs 3 and 4, respectively. 
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Fig. 3. Infrared spectra of TAS and TAS* in form. 
200 400 600 800 
Temperature ( °C ) 
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Fig. 4. Thermogram of TAS and TAS*. 
Distribution studies 
Since the crystalline phase did not show any ion-exchange capacity, the dis-
tribution behaviour of only the amorphous sample was studied. It was deter-
mined for the 14 heavy metal ions in DMW, HNO3 and HCIO4 media, using 
the batch process: 250 mg of the exchanger (H+ form) were shaken with 25 
ml of the metal solution in selected media at room temperature for 5-6 h to 
attain equilibrium. Distribution coefficients (K^) were obtained by the relation 
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TABLE 1 
Distribution coefficients of some metal ions with titanium ( IV ) arsenosilicate in water, HNO^ 
and HCIO4 media 
Metal ions K^XIO--2 
DMW O.OlAfHNO, O . IMHNO, 0.01MHC104 0.1MHC104 
Mg( I I ) 0.23 0.00 0.00 0.00 0.00 
Ca( I I ) 0.45 0.06 0.00 0.09 0.00 
Sr ( I I ) 0.10 0.00 0.00 0.00 0.00 
Ba( I I ) 2.3 0.00 0.00 0.00 0.00 
Mn(Il) 0.60 0.00 0.00 0.00 0.00 
Fe( I I I ) 4.0 2.0 1.7 0.00 0.00 
N i ( I I ) 0.23 0.00 0.00 0.00 0.00 
Cu(I I ) 2.0 0.14 0.00 0.28 0.10 
Zn( I I ) 0.60 0.00 0.00 0.00 0.00 
Cd( I I ) 1.5 0.00 0.00 0.00 0.00 
Hg ( I I ) 0.50 0.00 0.00 0.00 0.00 
Sn( I I ) 0.12 0.00 0.00 — — 
Pb ( I I ) TA" TA" 1.0 5.3 4.00 
Hi ( I I I ) 0.21 0.00 0.00 — — 
Al ( I I I ) 1.11 0.60 0.11 0.00 0.00 
"TA, total adsorption. 
F ^M 
where F is the fraction of the total metal ion concentration in the solution 
phase, V is the volume (ml) of the solution and M is the mass (g) of the 
exchanger. The results are summarized in Table 3. 
Separation of Pb(II) from other metal ions 
For the column operation, TAS (2 g, H form, 60-100 mesh BSS) was packed 
in a glass tube (i.d. ~ 0.6 cm) with a glass wool plug at the bottom. The column 
was washed with DMW and loaded with the mixture (2 ml) to be separated. 
0.01 M HNO3 was used for the elution of Mg(II) , Ca(II) , Ba(II ) , Sr(II) , 
Mn(II) , N i ( I I ) , Zn(II) , Cd(II) , Hg(II ) , Sn(II) and Bi(III) , while 0.01 M 
HCIO4 was used for Fe(III) and Al(III) . Pb(II) was eluted out by a 1 M 
NH4NO3 solution. The effluents were analyzed for metal ion content using 
EDTA titrations. The flow rate was maintained at ~ 0.5 ml min"^ in each case. 
Table 4 summarizes the details of the binary separations achieved on column. 
A few synthetic mixtures were also prepared by mixing metal ion solutions 
in ratios corresponding to the standard compositions of some lead alloys. Pb (II) 
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TABLE 1 
Some binary separations achieved involving P b ( I I ) on TAS columns 
Sample Separations Amount Amount % Eluent used Volume of the 
No achieved loaded Recovered Error eluent used (m) (ml ) 
1 P b ( I I ) - M g ( I I ) 730 Mg 742 Mg + 1.6 O.OlAfHNOg 40 
4140 Pb 4122 Pb -0.43 I M N H 4 N O 3 90 
2 P b ( I I ) - C a ( I I ) 1200 Ca 1200 Ca 0 0.01MHNO . J 60 
4140 Pb 4140 Pb 0 I M N H 4 N O 3 80 
3 P b ( I I ) - S r ( I I ) 1750 Sr 1731 Sr -1 .6 O . O I M H N O 3 70 
4140 Pb 4140 Pb 0 I M N H 4 N O 3 80 
4 P b ( I I ) - B a ( I I ) 750 Ba 750 Ba 0 0.01 M H N O , 90 
4140 Pb 4111 Pb -0.70 I M N H 4 N O 3 70 
5 P b ( I I ) - M n ( I I ) 2900 Mn 2850 Mn -1.72 O.OlAfHNOs 100 
4140 Pb 4100 Pb -0.96 I M N H 4 N O 3 80 
6 P b { I I ) - N i ( I I ) 2935 Ni 2900 Ni -1 .2 0.01 M H N O 3 110 
4140 Pb 4100 Pb -0.96 I M N H 4 N O 3 90 
7 P b ( I I ) - Z n ( I I ) I960 Zn 1942 Zn -0.92 O . O I M H N O 3 110 
4140 Pb 4188 Pb + 1.2 I M N H 4 N O 3 70 
8 P b ( I I ) - C d ( I I ) 2250 Cd 2281 Cd + 1.4 O . O I M H N O 3 100 
4140 Pb 4092 Pb -1 .2 l A f N H 4 N 0 3 80 
9 P b ( I I ) - H g ( I I ) 10030 Hg 9850 Hg -1 .8 O . O I M H N O 3 100 
4140 Pb 4140 Pb 0 1A/NH4N03 90 
10 P b ( I I ) - S n ( I I ) 5935 Sn 5900 Sn -0.59 O . O I M H N O 3 110 
4140 Pb 4012 Pb -1 .2 1 A fNHiNOa 70 
11 P b ( I I ) - B i ( I I I ) 10449 Bi 10229 Bi - 2 . 1 O . O I M H N O 3 100 
4140 Pb 4188 Pb + 1.2 I M N H 4 N O 3 80 
12 P b ( I I ) - F e ( I I I ) 2800 Fe 2890 Fe + 3.21 O . O I M H C I O 4 100 
4140 Pb 4092 Pb -1 .2 I M N H 4 N O 3 80 
13 P b ( I I ) - A l ( I I I ) 1350 A1 1400 A1 + 3.73 O . O I M H C I O 4 110 
4140 Pb 4092 Pb -1 .2 I M N H 4 N O 3 90 
was separated from these mixtures following the procedure described above 
and the results are shown in Table 5. 
Kinetic measurements 
TAS was well ground and passed through standard sieves to obtain different 
mesh sizes (10-25, 25-50, 50-70, 70-100 and 100-150). Particles of mesh size 
50-70 were generally used unless stated otherwise. 20-ml fractions of the metal 
ion solutions, (Mn, Fe, Co, Ni, Cu, Zn, Cd, Hg and Pb) were shaken with 200 
mg of the exchanger in H"^  form in several stoppered conical flasks at the 
desired temperatures (20, 30, 45 and 60±0.5°C) for different time intervals. 
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TABLE 1 
Quantitative separation of lead from some synthetic lead alloys on TAS columns 
Synthetic alloy and its composition (fig) per ml of Amount of Pb % Error 
stock solution obtained in the 
effluent (/zg) 
Solder (Pb, 500; Sn, 500) 496.8 -0.64 
-do- (Pb, 430; Sn,570) 434.7 -Hl.l 
Pewter (Pb, 250; Sn, 750) 253.6 + 1.4 
Fusible alloys 
Wood's metal (Pb, 250; Sn, 125; Bi, 500; Cd, 125) 243.2 -2 .7 
Lipowitz alloy (Pb, 270; Sn, 130; Bi, 500; Cd, 100) 274.3 + 1.6 
Rose's metal (Pb, 280; Sn, 220; Bi, 500) 284.6 + 1.6 
Newton's metal (Pb, 310; Sn, 190; Bi, 500) 315.7 + 1.8 
Supernatant liquid was immediately removed and analyzed for its metal ion 
content. 
RESULTS AND DISCUSSION 
The main feature of these studies was to prepare a new inorganic ion ex-
changer, Ti(IV) arsenosilicate, both in the amorphous and crystalline form. 
As the results show, the sample TAS* which is highly crystalline in nature, has 
negligible ion-exchange capacity as compared to the amorphous TAS — an 
unusual phenomenon considering earlier reports of materials found to have 
enhanced ion-exchange properties with improvement of their crystalline na-
ture [10]. A prolonged refluxing might have removed the highly protogenic 
groups of arsenic acid {K for H3As04 = 6 .0x as compared to those of 
silicic acid {K^ for H4Si04 = 1.3x IQ-") . 
TAS appears to be quite stable thermally. It retains approximately 57% of 
its ion-exchange capacity even after heating upto 400 °C as shown in Table 1. 
It also appears chemically stable as evident from Table 2. 
Based on the chemical composition, ion-exchange behaviour, pH titration, 
IR and TGA studies, the formulae of the crystalline and amorphous titanium 
(IV) arsenosilicate can be written tentatively as: 
TAS*: (TiOa) 2 • (HASO3) • (SiO^) • mHa O 
and 
TAS: (TiOa) 2 • (H3 ASO4) • (H2 Si02) 3 • nHz O 
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The external water molecules (m, n) in the two cases can be determined by 
the formulae 
X ( M + 1 8 m ) 18m= — 
100 
and 
X ( M + 1 8 n ) 
1 8 n = -
100 
where X is the percent loss of water from the exchanger while ( M + 18m) and 
( M + 18n) are the theoretical molecular weights of TAS* and TAS, respectively. 
If one assumes that the external water is completely removed on heating the 
sample upto ~170°C, then the percent loss of water at this temperature as 
indicated in the TGA curves (Fig. 4) to be 15 for TAS* and 22 for TAS yields 
values of 3.4 and 8.4 for m and n, respectively. A further loss of weight beyond 
170°C may be due to the condensation of the molelcule with the removal of 
exchangeable protons. The peaks at 500, 900, 1600 and 3500 cm"^ in the IR 
spectrum are indicative of the metal-oxygen, arsenate, silicate and water mol-
ecules, respectively, in the material. 
The pH titration curves (Fig. 1) show a very interesting feature of the ma-
terial. The crystalline phase shows a smaller release of H"*" ions as compared 
to the amorphous phase obviously because of a lower ion-exchange capacity of 
the former. In addition, there is a reversal in the adsorption behaviour for 
alkali metals. The amorphous phase shows an extraordinary, high adsorption 
for Li (I) ions at a low pH, the order being Li (I) > Na (I) > K (I). The order 
changes to Na (I) > K (I) > Li (I) as the pH increases. In the case of the crys-
talline phase, however, the adsorption order is K (I) > Na (I) > Li (I) at lower 
pH and Na(I ) > L i ( I ) > K ( I ) at higher pH values. Furthermore, the curves 
indicate a bifunctional behaviour of the material which is due to the large dif-
ference in the dissociation constants of the two protogenic groups, namely the 
arsenic and silicic acids in the material. 
On the basis of the distribution studies (Table 3), lead can be separated on 
a column of TAS from several metal ions such as Mg(II), Ca(II), Sr(II), 
Ba(II) , Mn(II) , Ni(II) , Zn(II), Cd(II), Hg(II), Sn(II) , Al(III), Fe(III) 
and Bi(III), the details of which are summarized in Table 4. Table 5 further 
illustrates the potential of this material in the separation of Pb (II) from some 
synthetic lead alloys. This is important from the pollution point of view. Since 
the material is fairly stable in dilute acid solutions (Table 2), it poses no dan-
ger due to the presence of arsenic in its matrix. 
Kinetic measurements were made under conditions favouring a particle-dif-
fusion-controlled ion-exchange phenomenon. The fractional attainment of 
equilibrium U^ may be expressed as: 
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Fig. 5. Plots of T versus t for H ( I ) - C u ( I I ) exchange using different solution concentrations at 
30° Con titanium ( IV ) arsenosilicate (TAS ) : ( A ) 0.008 M; ( A ) 0.01 M; ( O ) 0.03 M; ( • ) 0.05 
M. 
^ the amount of exchange at time t 
the amount of exchange at infinite time, i.e. at equilibrium 
Using this expression the mean values of C/^  (six replicate measurements, 
standard deviation < 15 X 10~® abs.) were obtained for different time intervals 
and at different temperatures. Each value of has a corresponding value of 
T which is obtained from the equation: 
where and the mobility ratio is a = Dii/Dyi, r^  is the particle radius 
and Dyi is the interdiffusion coefficient for the metal ion. /j ( a ) , /2 ( ) and 
/a ( « ) can be expressed as follows: 
h { a ) = - ^ 
0.64 +0.36a"®®® 
/3(«) = - : ^ 0.27 + 0.09a;^ 
The effect of concentration on the rate of exchange was studied at 30 ° C using 
different metal ion concentrations (0.008, 0.01, 0.03 and 0.05 M) for Cu(II). 
The plots of T versus t (Fig. 5) at the Cu(II) concentrations ^0.03 M are 
straight lines passing through the origin, confirming a particle-diffusion-con-
trolled exchange at these concentrations. A metal ion concentration of 0.05 M 
was therefore selected for the measurement of all kinetic parameters. The T 
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Fig 6 Plots o f f versus t for different H (I)-heavy metal ( I I ) exchanges at different temperatures 
on titanium ( IV ) arsenosilicate under the conditions of particle diffusion 
TABLE 6 
Slopes of T versus t plots at different temperatures 
Migrating ion S ( s - ' )X lO ' ' 
20°C 30°C 45°C 60°C 
Mn ( I I ) 5 450 7 850 11 36 17 44 
Fe ( I I I ) 6 333 8 330 12 40 16 67 
Co ( I I ) 6 667 8 511 13 33 19 44 
N i ( I I ) 5 925 8 914 13 89 18 88 
Cu(I I ) 4 666 6 790 1121 16 30 
Zn( I I ) 6 000 8 510 1143 15 36 
Cd( I I ) 7 658 10 000 15 67 24 17 
Hg ( I I ) 7 801 10 33 16 67 28 10 
Pb ( I I ) 8 915 13 81 23 75 37 78 
versus t plots at different temperatures for the metal ions under study are 
shown in Fig 6, while their slopes are given in Table 6. 
Particle size affects the rate of exchange considerably A plot of S versus 
l/rl (Fig. 7) shows that the rate of exchange is inversely proportional to the 
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Fig. 7. Plot of S versus \/i% for Cu(I I ) at 30°C on titanium ( IV ) arsenosilicate. 
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Fig. 8. Plots of - log D » versus 1/T ( K ) for { O ) Mn ( I I ) ; ( • ) Fe (11); ( x ) Co ( I I ) ; (X ) Ni ( I I ) ; 
( A ) Cu ( I I ) ; ( A ) Z n ( I I ) ; ( D ) C d ( I I ) ; ( B ) Hg ( I I ) . 
particle size squared which is a fundamental condition for a particle -diffusion-
controlled phenomenon. 
The S values are related to Dh as follows: 
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TABLE 1 
Z)„, E^ and z)S* values for the exchange of H ( I ) with some heavy metal ions on t i tanium(IV) 
arsenosilicate 
Metal ion 
exchanging 
with H ( I ) 
Ionic 
radius 
( A ) 
Ionic 
mobility 
( c m ^ V - ' s " ' ) 
Do 
( m ^ s - ' ) (kJ m o l " ' ) 
AS* 
( J d e g - ' m o r ' ) 
M n ( I I ) 0.91 0.00028 8.91 X10-® 22.63 -31.35 
Fe ( I I ) 0.83 0.00045 1.01X10-'' 22.76 -30.29 
Co ( I I ) 0.82 0.00043 1.22X10-' 23.07 -28.76 
N i ( I I ) 0.78 0.00044 1.41X10-' 23.36 -27.52 
Cu ( I I ) 0.70 0.00046 2.75X10-'' 25.77 -21.97 
Zn ( I I ) 0.83 0.00047 I.IOXIO"® 17.09 -48.77 
Cd ( I I ) 1.03 0.00046 3.39X10- ' 25.24 -20.24 
H g ( I I ) 1.12 — 6.46X10-'' 26.76 -14.88 
P b ( I I ) 1.32 0.00061 2.88X10"® 29.95 -2.439 
s= 
The values of —log D^ obtained using this equation were plotted against l/T. 
Straight lines are obtained for all the metal ions studied as shown in Fig. 8, 
justifying the validity of the Arrhenius equation 
i3H=Do expi-EJRT) 
The pre-exponential constants Do are obtained from the intercepts of the lines 
while the E^ values can be calculated from the slopes of the plots. 
The entropy of activation (/IS*) was obtained by substituting Dq into the 
equation 
Z)o = 2.72d2^exp 
h R 
where k and h are Boltzmann and Planck constants, d is the ionic jump dis-
tance [ 11 ] at 0.5 nm, R is the gas constant and T is 273 K. 
The values of the diffusion coefficient, DQ, energy of activation, E ,^ and en-
tropy of activation, AS*, thus obtained, are summarized in Table 7. It is evident 
from this table that AS* is highest for the H(I ) -Pb( I I ) exchange. This is 
perhaps due to the highest mobility of Pb(II) (60.8) among the metal ions 
studied, as supported by the finding of the highest selectivity of the exchanger 
for this metal ion. 
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